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for over 100 years... 


Engineers, Architects and Designere 
have been coming to Hall Harding 
With over a hundred years of 
experience behind us, we pride 
ourselves that we can anticipate 
and supply their every need— 

=o, from a single photo copy to 
a complete print room, 
from a set-square toa 


complete drawing office 





HALL HARDING LIMITED 


STOURTON HOUSE, DACRE ST. LONDON S.W.1I | 
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“FARRAPAC” 
the NEW Packaged Boiler 





‘* FARRAPAC "’ boilers are of the triple gas pass type combining the better features of conven- 
tional economic and packaged type units. 


The illustration shows that the ‘‘ FARRAPAC "’ is mounted on its own chassis. The wiring, piping, 
lagging, finishing and finally steam testing are all done in the maker's factory. No special founda- 
tions are needed—simply a level floor capable of supporting the weight applied. If required, a 
condense tank with a motor-driven water feed pump is included. The pump is fully automatic and 


its pipework, and wiring to the controlling panel are all carried out and ready for immediate opera- 
tion on delivery. 


CROSS-TUBE VERTICLE BOILERS 
VERTICAL MULTI-TUBULAR BOILERS 


THE FARRAR BOILERWORKS LTD. 


NEWARK NOTTS. 
TELEPHONES : NEWARK 1143-4-5 
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gives far more power 


The new ‘ENGLISH ELEcTRIC’ standardised venti- These new motors—from 4 h.p. to 50 h.p. in six 
lated motors using class ‘E’ insulation and built frame sizes—have endshields and terminal boxes 
to the latest B.S. specification 2960/1958 give far which turn to any of four 90° positions for floor, 
more power for the same frame size. For a given wall, or ceiling mounting. Publication DM/239 
horsepower the motor required is smaller and giving details of the range will be sent on request. 
lighter and costs less. | Most sizes AVAILABLE FROM STOCK _ | 





STANDARDISED AND INTERCHANGEABLE 


ENGLISH ELECTRIC 


BS.D. ventilated motors 
Fite _ tli’ 


THE ENGLISH ELECTRIC Company LIMITED, MARCON! House, STRAND, W.C.2 
Industrial Motor Works, Bradford 


WORKS: STAFFORD + PRESTON + RUGBY + BRADFORD + LIVERPOOL - ACCRINGTON 
DM.67AL5 
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Stainless steel membranes put flexibility into Metastream Couplings 
they provide lateral, angular and axial flexibility independent of 
the torque transmitted—they are corrosion resistant to a high degree 
and unaffected by operating temperatures and atmospheric conditions. 
Prices Reduced 
Improved manufacturing methods, increased production and 
lower cost of raw materials, enables the prices of the M-range of 
Metastream Couplings to be reduced by 10°% below list. 


% DOES NOT REQUIRE LUBRICATION spacer and non-spacer 
%& SIMPLE ALL-METAL CONSTRUCTION i) light duty spacer 
% NO SPRINGS - GEARS - CHAINS 
RUBBER BUSHES - ROLLER OR SLIDING ___Mon-spacer for 
MEMBERS single bearing units 


% NO THRUST TRANSMITTED ie) cardan shaft units 


There’s a complete range of couplings for all duties and horse-powers. Please write for full details. 


METADUCTS LIMITED 


CATHERINE WHEEL ROAD, BRENTFORD, MIDDX. TELEPHONE EALING 3678 


A MEMBER OF THE C.M.6 GROUP OF COMPANIES 
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4-way horizontal machine, type 


OA Il Z 4 


especially designed to perform 
drilling, boring, facing and tap- 
ping operations on the cylinder- 
block seatings of light-alloy crank- 
cases of motor vehicles. 








Rotary fixture mounted on indexing table 
provided with five stations of which one is 
for loading and unloading. 





Output : 
| crankcase every 45 seconds. 


Upright Sensitive & Automatic Drills 


Multispindle heads 

Verticle multispindle Hydraulic Cycle 
Machines for combined operations 
Drilling, Boring, Tapping and Drilling 
Horizontal Units (Hydraulic automatic cycle) 
Multispindle tapping machines 

Hydraulic plain Milling machines 

Rotary Transfer tables 


OFFICINE RINO BERARDI sarescia-iTALia 
Via Alessandro Lamarmora N. 105 - Telefono 38-0-99 
Uff. ESPORTAZIONE : 26 Via Borgonuovo-MILANO-Italia 


Associata all’ U.C.1.M.U <I> 
~ 











ABRASIVE SBSELT 
MACHINES 


PRODUCT OF THE Mercer GROUP OF COMPANIES 


HEAD OFFICE 


582 8.0. MORRIS LIMITED, GRITON ROAD, COVENTRY. TEL: 5081 
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VERTICAL The miller that “ stays ,, on the floor and 


eliminates knee vibration 


MILLING Hydraulic copying attachment 
i % 
MACHINE { | 


FVM 


Sole agent: 


Cyril Adams & Company (Special Projects) Ltd. 
70-74 City Road 
LONDON E. C. 1 


Table . , ‘ ‘ : ? 98%" x 20” 
Spindle ° ‘ . ° ASME 2%" 
Power required . ° P ‘ HP 38 
Weight “a. 7 ae ee lbs 18430 


MACHINE TOOL BUILDERS 


EXPORT OFFICE 
MILANO (Italy) - Piazzale P.ssa Clotilde 8 - Phone 637-193 
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ELECTRIC SUDS PUMPS 


for machine tools 











Of proved design and sturdy construction, 
BTH suds pumps meet amply the most ex- 
acting requirements for continuous supply of 
coolant to the tool’s cutting edge. 

There is only one shaft; this carries the 
electrical rotor at the top and the impeller 
(which must be immersed in the coolant) 
at the bottom. The complete rotor assembly 
is dynamically balanced, and liberal impeller 
clearances ensure freedom from mechanical 
trouble should chippings enter the screened 
inlet. 


Pumps are available for all standard A.C. 
voltages, and for outputs ranging from 5 gallons 
per minute at 7-foot head to 32 gallons per 
minute at 10-foot head when pumping suds; 
modified units can be supplied for pumping oil. 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED - RUGBY - ENGLAND 
Member of AL! group of compenies A 0 
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man 
witha 
problem 
on his 
hands 


The handling of high viscosity fluids—such as 
fuel oil—is a question of heating. Brown tank 
suction and line heaters, incorporating integ- 
rally-welded Fintubes, provide the answer. 
Careful design has produced heaters of com- 
pact dimensions, capable of extremely efficient 
heat transfer duties at relatively low ‘‘skin’’ 
temperatures. Brown welded fintubes provide— 
per linear foot—over eight times the effective 
heating surface of plain pipe. For full informa- 

if he's wise, he'll tion on your specific application, send us 
details. 

get in touch with 

Brown Fintube. 

They're used to 


dealing with 


AALS ET A MS —s 


—_— = 
oe 
sticky problems. C » whed 


et) aaa 





(fi 
BROWN\FINTUBE eeiraix LTD 


| CHESTER STREET, ASTON, BIRMINGHAM, 6. Tel: EASt 1171 
N 























London Office: 46 Westminster Palace Gardens, Artillery Row, LONDON, S.W.1. Tel: ABBey 2073 5. 
Australia—Mr. K. C. Bottomley, Uniquip Pty. Ltd., 110 Willoughby Rd., Crows Nest, N.S.W. 


Netherlands—Geveke & Co's Technisch Bureau N.V., De Ruyterkade, 113, Amsterdam C. 
Belgium—Chaurobel S.A., Huizingen. 
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Crown Copyrigh:. Reproduced 
, by courtesy uf Dept. of 
ba i) I Engineer - in- icf of the 
@) U G So * ‘omy-\ F iJ Fleet, te 
FIRE-RESISTANT HYDRAULIC FLUID 


Satisfies the most exacting demands and combines 
excellent hydraulic efficiency with high safety value. 


It is : Non-corrosive 
Non-foaming 
Non-toxic 
Non-fuming 


The high film strength of Houghto-Safe 271 provides 
the metal surfaces with greater protection for longer 
periods—EXTRA SERVICE LIFE. 

Houghto-Safe 271 has been chosen by the Admiralty 
for the Retraction and Control System of B.S.4 
Steam Catapults installed in Britain's latest Aircraft 
Carrier—H.M.S. VICTORIOUS 


Houghto-Safe 271 is a product of 


BIRMINGHAM 4, ENGLAND 


Works and depots al Birmingham 
Manchester. Liverpool, Southall (Midd« 
Bristol, Glasgow 
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_~ WESTON 
OIL SEALS 


“.__ A wide range of types and sizes for every purpose. 
oe « twenty years’ experience is at your service. 







Write for catalogue oe: 
CHARLES WESTON 
& CO. LIMITED \ 








IRWELL BANK WORKS - DOUGLAS GREEN - PENDLETON \: SALFORD 6 


ex», TELEPHONE: PENDLETON 2857-8-9 BIRMINGHAM: ERDINGTON 5459 LONDON‘, HOLBORN 0414 
TELEX 66-255 TELEX 2-2682 
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Brochures dealing with 


SPECIALISED 


for industry 


Engineering and other industrial firms are offered the 
following, as one aspect of ROCOL service. 


Publication No. 1. ANTI-SCUFFING PASTE AND OIL 
Anti-Scuffing Paste is the most effective means of applying 
Molybdenum Disulphide for dry lubrication. Used where 
ordinary oils and greases cannot be applied. Withstands 
immense heat and pressure, and has remarkable anti-seize 
properties. Approved under D.T.D. 900/4284. Anti- 
Scuffing Oil enables Molybdenum Disulphide to be used 
in circulating systems and oil lubricators. 
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LUBRICANTS 


R.T.D. COMPOUND 


The modern lubricant for severe metal forming and 
shaping operations. Counters the effects of high pressure 
and eliminates frictional heat in drilling, reaming and 
tapping stainless steel, alloy steels, nickel and titanium 
Can lengthen tool life by as much as 30 times. 


MOLYBDENISED LUBRICANTS 

The remarkable low friction and pressure resisting pro- 
perties of Molybdenum Disulphide have been incorporated 
in a wide range of specialised lubricants, compounds and 
varnishes described in this Brochure. 


WATCH AND CLOCK OILS 


A complete range for the Horological and Instrument 
Engineer, based on joint research of horologists and oil 
technicians. Includes a range of synthetic oils which 
remain fluid down to minus 65 C; and Molybdenised 
Oils in all viscosities. 


Publication No. 2. 


Publication No. 3. 


Publication No. 4. 


KILOPOISE LUBRICANTS 


Extreme-viscosity lubricants to damp motion and ensure 
a slow, even action in hand operated components such as 
optical focusing movements, variable condensers 
potentiometer spindles. Widely used 
optical, instrument, radio and 
Special grades available for 
Compounds. 


Publication No. §. 


and 
throughout the 
electrical industries 


use as Core Locking 


Publication No. 8. WOLYTONE GREASE 

A series of greases combining Rocol Bentone Grease and 
Molybdenum Disulphide. They have no melting point 
and are effective from below zero to 450 F. They with- 
stand extreme pressures and provide positive lubrication 
even in ‘starved’ conditions. They should be used in all 
grease systems where extra boundary 
demanded by severe working conditions 


lubrication is 


Write to ROCOL about lubrication. 


ROCOL LIMITED 
Ibex House, Minories, London, B.C.3 
(Telephone: noval 4372) 
Rocol House, Swillington, near Leeds 
Telephone: Garforth 2261 2 
won 1068) » 
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f ROLLS-ROYCE 


HIGH ALTITUDE 
AERO ENGINE TEST PLANT 


© beads Fe TT 
Val me aco areas aba 4 kee 3) 





DESIGN, 
FABRICATION 
and ERECTION 


of the Test Cells, Pressure Vessels and 

Ducting which largely comprise the 

Rolls-Royce High Altitude Test Facility 
were entrusted to 


Harvey 





|= G. A. HARVEY & CO. (LONDON) LTD. 
my WOOLWICH ROAD, LONDON, S.E.7 


Telephone: GREenwich 3232 (22 lines) 
Consulting Engineers : 
McLellan & Partners associated with Merz & McLellan 
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CONSISTENCY ... FIRST TO LAST! 








e insist that each DORMER tool be 
capable of an ideal performance. 

Sample tools are systematically taken 
from completed batches and subjected to 
severe tests; thus, we satisfy ourselves that 
your confidence in DORMER TOOLS is 
not misplaced. 

Insist on consistency 





toolroom machine, also designed for manufacture 
quality screw gauges, micrometer screws, etc. 


er For quantity ug Rohe hobs milling cutters, etc., 


and plunge cut 


components. 


Fr 0 * and ‘P’ are available with either 16” or 32” capacity 


nose 
‘NLA’ A 
taps up 





both sizes swing 10” dia. up to 4” from spindle 


between centres, 
8” at any point. 


Sener yee machine for high speed production of 


thread grinder 


NEWALL GROUP SALES LIMITED 


PETERBOROUGH TELEPHONE PETERBOROUGH 3227 
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* Useful 
little book 


. . for the steel buyer, the tool 
room manager, the production 
engineer—in fact anyone who 
has to use or order tool and 
high speed steels. ‘* Sanderson 
Steels ’’ describes our 
standard range and illustrates 


typical applications. 


Write for a copy 


gwock RES 


SANDERSON BROTHERS AND NEWBOULD LIMITED + P.O. Box 6 + NewhaliRd «+ Sheffield? + Est. 1776 





Makers of tool steels - saws « files - machine knives and high speed cutting tools 


. 
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METAL CASED OR 
METAL INSERT 
SEALS WITH 
GARTER SPRINGS 


a. 


Wl =U. Wl § Uhl $= ll Wl lll 
PRECISION 
MOULDED 
‘Oo’ RINGS 

Will, Wilt Ullllt Wille lll Wilt Will ttth 
PRECISION 
GROUND 

RECTANGULAR 

SECTION RINGS 


NU-LIP RINGS 


HYDRAULIC 
PACKINGS 
& WIPER SEALS 





Rotary shaft seals for high speeds. Hair line lip contact 
and correct spring loading ensure minimum 

friction loss. Complete range of seals for shaft sizes 4” 
to 10” ex stock. Special seal sections for pressure 
applications. 


All British Standard and pre-standard sizes ex stock 
in addition to a large number of non standard and 
American sizes. Pioneer flash free ‘O' Rings are 
ideal for static or slow reciprocating application 
over a wide range of pressures. 


Wl = ltt (ttt Wt Wa WU Wh 


Ground to close limits on the outside diameter, 
Pioneer Rectangular Rings give perfect sealing 
on high pressure reciprocating applications. 


Wilt (ttt ttt Wh 
A special section Sealing Ring superior to ‘O’ 
Rings or Rectangular Rings on low pressure 
applications up to 600 p.s.i. Cannot roll or twist 
in the groove. Hair line contact sealing lips 
ensure low frictional resistance. Interchange- 
able with British Standard ‘O' Ring sizes. 


Used as hydraulic and pneumatic Piston Seals, 
hydraulic cylinder or valve stem packings. 
Pressures up to 1,500 p.s.i. Six types are 
available in a wide range of sizes 


Pioneer Oilsealing & Moulding Co. Ltd. 


COTTONTREE WORKS 


COLNE 


LANCASHIRE 


TELEPHONE: WYCOLLER 47! (8 lines 
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More accu 


than human skill 
_ ee 
Sh Hydraulic Control of motion 


Paradoxically, the product of human skill is more accurate than human skill itself. This 
is particularly so in the case of Savery Hydraulic Pumps. Countless thousands of 
Savery Pumps are in use throughout the world working with precision that neither human skill 
nor other means can match. Next time you're considering control of 
motion remember Savery Hydraulic Pumps first. 





Savery Pumps can be supplied with fixed or variable delivery. 


FOR FURTHER DETAILS OF 


SAVERY HYDRAULIC PUMPS 


WRITE TO 


THOMAS SAVERY PUMPS LIMITED 


BRACEBRIDGE STREET * BIRMINGHAM 6 + TEL: ASTon Cross 1316-7 
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PNEUTOMATION 


a power for production 
that’s yours to command 
































What you need in your works is this 
pocket-sized elephant — 
PNEUTOMATION ! You’ll find 
PNEUTOMATION has all the 
power of a pachyderm, plus 
compactness. You get the 
same tireless energy, 
accurately applied to the 
right place at the right time, 
under perfect control. 
PNEUTOMATION is tailor- 
made to work with the minimum 
of elbow room and the wide 
range of standard equipment fits 
any job from bell-ringing to jig- 
boring. Simple design, careful 
workmanship and completely non- 
corrodible materials cut replacement 
and maintenance costs, 

make Lang PNEUTOMATION a 
really long-lasting, trouble-free system. 


Pneutomation never forgets to operate 





The ‘Pneulang’ basic cylinder unit, just one of 
the 264 cylinders available ‘ off-the-shelf’. 

The range of PREUTOMATION equipment also 
includes many types of manual and automatic 
valves, lubricators, air flow regulators, 

pipes and fittings, etc. 














PNEUTOMATION 
energy under control 





‘LANG | de i a es ae eo Lee 


VICTORY WORKS BIRMINGHAM ROAD WOLVERHAMPTON Te 


Associated with Desoutter Brothers (Holdings) Ltd. sien 
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BY APPOINTMENT 
MOTOR TRACTOR 
MANUFACTURERS TO THE 
LATE KING GEORGE vi 


oag-eepe: 6 s: 


PUBLIC WORKS EXHIBITION 
OLYMPIA NOVEMBER 10TH-!15TH 
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sys 


contracts 


from the 


Hnglish Hlectric 


Co. LTD 


endorse the supremacy of 








VENTILATION 


Time and again, industrialists large and small place 
repeat orders with Colt. And for three good reasons. 
Colt ventilation systems depend in the main on 
internal convection currents—not external forces— 
and are therefore little affected by the vagaries of 
the wind. Colt offer an unparalleled range of ven- 
tilators. And most important, every Colt recom- 
mendation is based on a thorough analysis of the 
building, plant and process either from a site 
survey or drawings. Such thoroughness influences 
firms such as the English Electric Co. Ltd. It will 
impress you, too. 
Send for free manual to Dept. U29/11 
Among the 12,000 major 
Industrial Organisations using Colt equipment are: 
15 contracts: Cow & Gate Lid. 
20 contracts: Courtaulds Lid. 
37 contracts: Vickers-Armstrongs (Aircraft) Ltd. 

6 contracts: Smith-Clayton Forge Ltd. 
29 contracts: National Coal Board 
22 contracts: Lever Bros. Port Sunlight Lid. 


a A a st eee 





COLT CO 2046 VENTILATORS AT THE ENGLISH ELECTRIC OO. LTD., RUGEY 





COLT VENTILATION LIMITED . SURBITON . SURREY . TELEPHONE: ELMBRIDGE 0161 (10 LINES) 


~ 


NOVEMBER, 1958 Volume 19, No. II All 











NO MAINTENANCE — 





Photograph by courtesy of Dorman Long (Chemicals) Ltd. 


These Travelling-Grate Stokers made by Babcock & Wilcox 
supply annually 22,000 tons of coal to boilers which in 
turn supply the entire steam requirements of the large 
heavy-chemical works of Dorman Long. MORGANITE 
CARBON BEARINGS situated in the hot zone have to 
withstand severe treatment. 


MORGANITE CARBON BEARINGS are the answer 
to this problem—they will answer yours today. Please 
write or phone for leaflet SD.63 or ask for one of our 
Technical Advisers to call. 


MORGANITE CARBON BEARINGS withstand high 
temperatures, will run in liquids; resist chemical 
atmospheres and corrosive conditions; need no lubrication; 
are useful for inaccessible positions; are non-contaminating 
and eliminate maintenance. 











THE MORGAN CRUCIBLE COMPANY LIMITED, BATTERSEA CHURCH ROAD, LONDON, S.W.11. 


Telephone: BATtersea 8822 
Cé5a 
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is the 


We have a standard range of Automotive and Industrial 
Gear Boxes, or can undertake the supply of loose 
gears and shafts to your own design. 





THE GEAR SPECIALISTS 


Cut, ground or shaved Spur an 1 Helical Gears. Ground 
Worms and Spline ‘ Spr cket Bevel Reduct Unit 
Gear Boxes for all Trades 


11D Approved 


P. R. MOTORS LTD - ALDBOURNE ROAD - COVENTRY 


Telephone: 222667 lelegra sypagears, ( 
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What do you know about 


MALLEABLE GASTINGS ? 





They are the most adaptable of all forms of casting : can be cast into 
intricate shapes with precision, yet are tough and ductile ; capable of a 
wide range of tensile strengths, physical and mechanical properties, yet 
with remarkably easy machineability. 

No other material has just this range of properties—a change to malle- 
able on your designs can usually be very profitable. In fact malleable 
and pearlitic malleable can often be used to replace steel castings. 

Call us in at the drawing-board stage to improve vour products and 
lower your production costs. 


CASTINGS LIMITED 


Write for literature today. Founded 1835 
CASTINGS LTD. + SELBORNE STREET, WALSALL - STAFFS - Tel: Walsall 3118-9 
and at LICHFIELD ROAD, BROWNHILLS, STAFFS. Tel: Brownhills 2318. 


C.6A 
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Ford industrial engines are a practical proposition for 
many industrial equipments ... compressors, cranes, 
pumps, contracting equipment, earth borers, generators, 
railcars, welding plant, works trucks, tractors and 
conversions. Simple design, modern flow-line production 
methods and common interchangeable parts contribute 
to the low cost of these high efficiency engines. And 
remember, every Ford engine is fully backed by a 





Come RS 





industry 


World-wide Spare Parts Service Organisation. Take 
your choice from a wide power range . . . Diesel 30 to 
86 b.h.p. and Petrol 21 to 87 b.h.p. (12-hr. rating). 

DIESEL ECONOMY—have you considered the 
replacement of existing power units in your equipment 
and trucks with the famous Ford 4D Diesel engine ”? 

You'll have the unique advantages of economy, long-lite 
andlowrunning costs... plus the best service inthe World! 





Wherever you are, whatever your problem, we are at your service. For further details of 





8 IB 


INDUSTRIAL 
ENGINES 


and the equipments they power, contact your nearest Ford Dealer or write to 


FORD MOTOR COMPANY LTD - 


NOVEMBER, 1958 Volume 19, No. II 


PARTS DIVISION - AVELEY DEPOT - 


SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 


Als 








Medium Voltage Switchboard 
with ‘“‘GEO”’ Circuit Breakers 
in the Retort Sub-station. 





20 amp Direct-to-line Starter 
and Feeder Circuit Breaker 
with integral isolator 

and complete interlock. 











For the new 


Provan Gas Works... 








| 


Klhison Switchgear 


In the reconstructed Provan Works at Glasgow, the Scottish Gas 
Board has made extensive use of Ellison Switchgear. Some of 
the equipment is illustrated here. It includes four distribution 
Switchboards as well as many circuit breakers and motor starters. 
—————)  —— Rotor Starter for 
Soman snares | slip-ring induction motors. 
RE recor @ | Available for motors 


h conan Continuing a Tradition of up t0 1000 hp. 
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THE NEW SATURN-HIVOLT 


Surge injector 


Argon Arc Welding Unit Mk.1a 





permits 
continuous 
welding up to 
300 amps 


This new model, specially developed 
to meet Services’ requirements and 
now widely used by them, replaces 
our original Mk. 1 model. It has 
especially rugged construction, 
clearly defined fully automatic 
controls, improved grouping and 
easy accessibility for servicing. 
This will appeal to all who wish 
to be able to convert their normal 
single operator welding trans- 
former into an efficient Argon Arc 
Welding Unit at will. 

It gives complete safety to the 
operator and considerable running 
economy.Thearcisstableandstarts 
from cold without a carbon block 
and the control of gas and water 
supplies is entirely automatic. 








MK. la. 30’ high by 25” wide and 28” long. 

This machine is mounted on castors and is both compact and mobile 

We also manufacture and distribute a wide range of Argon Arc Welding 
Torches, B.G.T. cutting and welding equipment and accessories. These, 
together with a daily delivery of Argon, Pyrogas etc., and a rapid equipment 
maintenance service are available at all our branches—Birmingham, Glasgow, 
Lymington, Manchester, Sheffield, Sunderland, Thornaby-on-Tees. 


Contractors to: 
The Admiralty, The Air Ministry, The Ministry of Supply, 
U.K. Atomic Energy Authority and Australian Atomic Energy Authority. 





SATURN INDUSTRIAL GASES LTD., GORDON ROAD, SOUTHALL, MIDDLESEX. PHONE: SOUTHALL 561! 
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5 PROVED WINNERS FOR 


> ~ahbeioe mane, aan 


=] 
VICTOR AIR | SELF GLEAN AIR FILTER J VICTOR ARIDIFiERS 
HOSE COUPLER J AND WATER TRAPS 
( 

















Centrifugal action 
separates water 
from air. 


Instant and perfect J Incorporates a 
sealing. filter. 


5 Automatic discharge § 


No spanners Simple turn cleans through Water Trap = 


required line. to drain. 
: Water T 
Safe bridle. | No production js md hey F 
stoppage. R 
Pressures up to 150 lbs ps.i. Booklet CA 100 fully 


describing all our 
compressed air 
equipment available 
on request. 


Interchangeable 


Pressures up to 


— 150 Ibs. p.s.1. Pressures up to 150 lbs. p.s.1. ! 





Rue cae den easement Se ee ee oe 


USERS OF COMPRESSED AIR 


VICTOR PRODUCTS (WALLSEND) LTD. Wallisend-on-Tyne, England. Tel: Wallsend 6833! (6 lines) 
‘Grams’ “ VICTOR” Wallsend. LONDON OFFICE: 1327 London Road, Norbury, S.W.16 Telephone: Pollards 0077 (3 lines) 





i 
f 


NG 


\ 


——« — 5 
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Na 


i 


i\ 





F. Ss. RATCLIFFE (ROCHDALE) LIMITED. 
CRAWFORD SPRING WORKS * NORMAN ROAD + ROCHDALE 


cw 5152 
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WALKER, 


He counts on accuracy 


He wants to know exactly what is happening: 
he wants an accurate record of what has been 
happening. So he studies the day's chart from 


his Arkon Recorder. 


Arkon Recorders measure gas and air 
flow, pressure or vacuum, or pressure and 
vacuum: flows in one inch pipe or 36 inch 
mains, pressure or vacuum from 0.1 inches 


water gauge to 50 lb. per square inch. They 


give a clear, unmistakable record which yon 
can read like a book, without hesitation and 
without mistakes. You can leave the chart 
on for a few hours, a day, or a week the 
record will always be there. Easily read, easy 
to look after, robust enough to stand on the 
job, Arkon Instruments can help the control 
of any process—-and their accuracy will 


satisfy even the men in the lab 


More about them in pamphlet AA 24 


CROSWELLER & CO. LTD., CHELTENHAM 


_ Telephone: CHELTENHAM 56317 
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** Newallastic ’’ bolts and studs have qualities which are abso- 
lutely unique. They have been tested by every known device, 
and have been proved to be stronger and more resistant 
to fatigue than bolts or studs made by the usual method. 


BaGfeaype 


POSSILPARKR GLASGOW: N 
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Voltage Fluctuations 


affecting your processes? 


Consistent supply voltage is essential to industry for 
manufacturing processes and to extend the life of 
important electrical plant. 

B.P.T. automatic voltage regulators eliminate all vari- 
ations in supply voltage, regardless of variations in 
frequency, load and load power factor. 


28 STANDARD MODELS 


for Industrial Power Supplies. 


ahlTisy BRITISH POWER TRANSFORMER CO. LTD. 


POWER QUEENSWAY . ENFIELD . MIDDLESEX 
Telephone: HOWard 2411 Telegrams: Vitrohm, Enfield 





Quick Delivery. 


Write now for our List 606. 





Y 
i\t S Patent Screwing Machines 


= 


Heap’s Universal Screwing 
Machines are a_ range of 
General Purpose Screwing 
Machines widely used in 
general Engineering Work- 
shops and Collieries and in 
the maintenance departments 
of factories etc. where the 
quantities of each class of 
screwing do not warrant the 
installation of the Automatic 
Diehead type of machine. 








4” UNIVERSAL 


SCREWING MACHINE 


This machine is fitted with 
a Stationary Tangential 
Diehead and Dies High 
speed steel can be supplied 
for almost any type of 
thread. The vice is of the 
self-centring type with 
double jaws for the large 
sizes. Final drive to the 
main spindle is through a 
worm and worm wheel 
Speed changes are ob 
tained through ‘‘pick-off 

gears. An automatic pump 
for the cutting lubricant 
can be supplied 


Capacity 
Pipes jin. to 4 in 
Bolts jin. to 2 in 


JOSHUA HEARS OL? eae 
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TAYLOR- 
mlel:e) 


Micro Ahenment Telescope 
















Set and check alignment, parallelism, square- 






ness and generate plane surfaces of Diesel 
Engines, Turbines and Generators, Machine 
Tools, Aircraft Jigs, Nuclear Reactors by 
Optical Tooling. 


¢ 
} A Division of K S 
RANK PRECISION INDUSTRIES LTO. . 


TAYLOR TAYLOR & HOBSON LTD. LEICESTER ENGLAN 


AT/i8 
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DIESEL POWER FOR 
THE ISLE OF MAN 


One of the largest diesel generating stations in Britain, 
Peel Power Station, belonging to the Isle of Man Electricity Board, 
provides power for the whole of the island, 


las. 


with the exception of Dou 


iu 
5 








3 Mirrlees KVSS12 engines are installed 
each developing 2880 b.h.p/2000 kW at 428 r.p.m. and 


8 Mirrlees HFS8 engines developing 1320 b.h.p/920 kW at 375 r.p.m. 








MIRRLEES, BICKERTON AND DAY LIMITED 





A member of the Hawher Saddeley Growp 
HAZEL GROVE . STOCKPORT . CHESHIRE 


Tel: Stepping Hill 3841 (14 lines) Grams: ‘'Mirrlees, Telex, Manchester’ I E20 
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Precision Rollers and Needles for Bearings 


wre — write for fully detailed 
literature and prices to 


Gum TSchudin & Heid Ltd. 


Holeestr. 149 
Basle 
(Switzerland) 
Telegrams: isolation Basie 











J 








Swiss made 








fa SWITCHGEAR ==: 
ean ‘ : 2 4 3 






m4 
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INDUSTRIAL TYPE DISTRIBUTION GEAR 
To 200 amps 3.3kV and 800 amps 600 volts 


@ HORIZONTAL DRAW-OUT TRUCK SWITCHGEAR 
To 800 amps 250 MVA H1kV and 4500 amps LT. , 


€)  SECTIONALISED 
SWITCHGEAR 
Fer LT. distribution 


©) CONTACTOR GEAR 
AC AND 0C 
25/1000 amp capacities 


< ana 


F 
PYUYL 
<——> 
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POLLARD 


BEARINGS 


MAKERS OF SELF-LUBE BEARINGS ; SOLID AND FLEXIBLE ROLLER BEARINGS 
“ MAX-LOAD”™ ROLLER BEARINGS, ETC 


POLLARD BEARINGS LIMITED 
FERRYBRIDGE - KNOTTINGLEY . YORKS 
Tel: Knottingley 2323 - Telex 68166 - Groms: Baibearing, Ferrybridge 
Aliso at Northampton, London and Oakville, Ontario 
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TOOLS 
FROM 


HALLMAG 

















the progressive decision 


Hallmac carry immense and comprehensive stock ranges of Engineers’ Small Tools, Macrome Treated 
Tools, Hand and Power Tools. Their distribution and service network covers the country. Your entire 
current needs in this field and all future expansions and special problems can be taken care of by the 
single decision—tools from Hallmac 


HALLMAC TOOLS cumiteo 


Head Office and Depot : PO Box No. 39 Macrome Road, Wolverhampton. Telephone 52001 (9 lines) 
LONDON : 21, Ivor Place, N.W.1. Telephone PA Ddington 0204 

MANCHESTER : Transport House, | The Crescent, Salford 5, Lancs. Telephone PENdleton 3656 
GLASGOW : Central Chambers, 11 Bothwell Street, C.2. Telephone CENtral 5066 


Sales Managers for the Hand Too! Division of the Bren Manufacturing Company 


JIW.Ad 4308 
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HELI-COIL RAPID THREAD REPAIR CUTS SCRAP COSTS 


NOVEMBER, 





scrap Is 


Heli-coil inserts are 





screw thread repair kits 


i 


from this to this in minutes 





Heli-Coil Inserts are self-anchoring thread liners precision formed from 
high tensile stainless steel wire. The Heli-Coil method is easily the 
quickest and most economical means of repairing damaged threads. 
A Heli-Coil Insert provides a conventional thread many times stronger 
than an unprotected thread. !t will outlast the rest of the part! Heli- 
Coil Inserts will replace weak and stripped threads in minutes when 
all other methods are impractical for structural reasons and the part 
would otherwise have to be scrapped. A Heli-Coil Screw Thread 
Repair Kit enables you to save a great deal of money and time and 
achieve a far better job. The replacement of ordinary and vulnerable 
threads with Heli-Coil is one of the wisest forms of preventative main- 
tenance. Three standard types of Heli-Coil Repair Kit are available, 
plus Special Purpose Heli-Coil Kits ‘‘tailored’’ for particular products 
or firms. Please write for Sales Leaflet APL.48 K9. for details. 


DRILL ee TAP | INSTALL 





*HELI-COIL is a registered trade mark 
ARMSTRONG PATENTS CO. LTD. EASTGATE, BEVERLEY, YORKS. 
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the 
latest 
flame 
planing 


a 
" PNEUMATIC — 


/ ad CONTROL | 


poowt ALOE SF | laa we 


Ie 
ay 
EASY-RAPID 
. ACCURATE SETTING ’ 


ei, 
ttt. 
MMe. ny Pare 


“PUSH surrow 


AS CONTROL VALVES . 


HANCOCK & CO. (Engineers) LTD., 
Progress Way, Croydon, Surrey. 
Telephone: Croydon 1908 (3 lines) 
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470 


PER OPERATOR/HOUR 











AFTER 
750 


PER OPERATOR/HOUR 








British Bellows Controlled Air Power Equipment 





Send for full details of 





Comeciie’d Ale Cxner Rade is specifically designed to speed up production 
ment — the first step to and save labour costs. It can be fitted by 
increased production. 


your own staff—to new or existing machinery. 








Manufactured by the British Bellows Division of 
GEORGE H. HUGHES LTD., EDGEMOND AVENUE, BIRMINGHAM 24 
Telephone: ASHfield 1183. 
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PRESSED FOR TIME::: 





l When production problems become too pressing 


to be ignored . . . when easier and more 
HOT BRASS economical methods of fabrication MUST be 
* found . . . and when expert advice on what can 
Sica and what can’t be done with non-ferrous 
y.Yamed pressings and stampings is a dire necessity 
+ ... take time out to write us for further details. 
ate BRASS & ALLOY PRESSINGS (DERITEND) LTD. 
LIVERPOOL STREET - BIRMINGHAM, 9 
PRESSINGS Tel: VICTORIA 2941 


A MEMBER OF THE DERITEND GROUP OF COMPANIES 
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close tolerances 


Telehoist have developed production 
techniques to attain high surface 
finishes combined with close tolerances, 
where zero backlash and low friction 
are design fundamentals. 

The illustration shows an H. M. Hobson 
feel-simulator jack which is used in conjunction 
with servo operated flying controls. The surface 
finish of the piston, cylinder and spherical bearing 
is 1-14 micro inches. The concentricity and 
clearance between working surfaces are within 
.0002 inches. The assembled units are tested at 


temperatures of - 40°C. and +70°C. 


If you have a production application demanding zero backlash 
and low friction characteristics we should be pleased 
to investigate and advise. 


The illustration is shown by the courtesy of H. M. Hobson Limited. 


Telehoist are skilled in 


precision production engineering and super finishing 


Telehoist Ltd, Manor Road, Cheltenham, are an associate company of Wilmot Breeden Ltd. TH 
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oe that’s what you want 





















—a “ Reservoil” standard sized bearing. It makes life 
so much easier for you. It is made of sintered-metal 
and incorporates its own lubrication. You can fit it 
wherever inaccessibility would make lubrication 
difficult — or whenever you know the user 

is not going to bother much about servicing. 

The sintered-metal of Reservoil bearings is impregnated 
with oil which is fed by capillary action direct to 

the bearing surface. No oil runs to waste and no 
maintenance is necessary. 


eee you should specify YY) 


Sintered-Metal oft RETAINING BEARINGS 





There are shapes and sizes of “ Reservoil™ bearings for 
every normal medium duty, but special attention is 
drawn to the large range of plain cylindrical bearings to 
B.S.I. standard dimensions. Most sizes are held in stock. 





Please write or ‘phone for Technical Brochure $D.40 or Catalogue of sizes $0.58 


THE MORGAN CRUCIBLE CO. LTD. WANDSWORTH WORKS, POINT PLEASANT, LONDON, 5&.W.i8 
Telephone: VANdyke 6422 











NOVEMBER, !958 Volume 19, No. II A4} 





here 
today 
gone 


tomorrow 









Spencer ¥ Pneumatic 
Elevators are playing 
a vital part in the 
speedy turn-round of 
ships in ports, un- 
loading grain cargoes 
at rates up to 600 


tons an hour. 














SPENCER) 


PNEUMATIC ELEVATORS 





SPENCER (MELKSHAM) LTD. 
MELKSHAM - WILTSHIRE 


Branch Offices: 
Ingersoll House, 9 Kingsway, London, W.C.2. Tel.: COVent Garden 1800 34 Castle Street, Liverpool, 2. Tel.: CENtral 3738 
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Holroyds help you to keep the whee turning by | 
yr immediate dei:very worm reducers intr t thor ; 


combinations of size, ratio and type 





Single reduction underdriven with horizontai , 


nriolroyd HU input and output shafts. Centre distances 3, 4, 
5, 6, 7, 8, 9, 10 and 12 inches. 

Single reduction overdriven with horizontal 
Holroyd HO input and output shafts. Centre distances 3, 4, nm addition to these ge boxe 
5, 6, 7, 8, 9, 10 and 12 inches. 











Single reduction with vertical output shaft and are other type nd size f 
Holroyd HV horizontal input. Centre distances 3, 4, 5, 6, 7, ig a ee es 
8, 9, 10 and 12 inches. abe . wun 











nch ner tance. Suitable for under- 
Holroyd Verso 24 inch centre distanc uitab ior unde , ict 
driven, overdriven or side mounting. arty q y 





Made in three sizes—lé, |2 and 24 inch centre 
Holroyd F distance, and suitable for a variety of mounting royd worm speed reducer 
positions. ind 











All the above are available with any of the following ratios :—5, 74, 10, plete det f the whole 
15, 20, 25, 30, 40, 50, 60 and 70 to |. 


Holroy 90 YEARS OF GEARS 


JOHN HOLROYD & CO. LTD MILNROW, LANCASHIRE 
cuc 184 








. 
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DIESEL LOCOMOTIVE 
COOLING EQUIPMENT 


* Sectional Radiators 

* Charge Air Coolers 

* Lubricating and Transmission 
Oil Coolers 


> = ~ = 7 


SERCK RADIATORS LTD. SERCK TUBES LTD. Birmingham |! 
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FLow CONTROP 


SCHRADER FLOW CONTROL VALVES provide a control of movement 
speed so essential to the effective use of compressed air equipment. The range of 
valves has now been extended to give even greater flexibility. 

The valve is easily set, by means of an adjustment screw, thus determining 
how fast the air flows in the ‘‘adjusted”’ direction. If used in conjunction with an air 
cylinder, for instance, the valve can control the pressure build-up and with it the 
speed of the piston thrust, but not its pushing force. This controlled thrust speed 
avoids the impact shock of suddenly applied air pressure, yet permits full thrust 
force. When the valve is operating in the “full flow’ direction a poppet is opened, 
giving open line pressure. Where controlled air flow is required in both directions, 
two valves can be fitted back-to-back. 

Although designed primarily for air control, these valves are equally suitable 
for use with oil or water in hydraulic systems. 


PA MaR AD Ree os 


Body of cast brass. The }” bore valve is the latest addition to the Schrader range, 
” is 


Non-corrodible plunger assembly, which now covers 4”, }” and §” B.S.P. sizes. These provide a pressure 
replaceable in one wnt. range as follows :— AIR: 0-400 P.s.1. OIL or WATER: 0-800 P.5.1. 


Substantial lock-nut 
resists vibration. 


Schrader rosT THs COUFON TODAY 


To: A. SCHRADER’S SON, Air Control Products Dept. ED, 
FLOW CONTROL VALVES 829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 


Please send details of Schrader Flow Control Valves 





| ADDRESS 


4 
| 
| 

| NAME , | 
| 
| 

iil 
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DELORO STELLITEX 
ALLOYS | 


Stellite X40 

Alloy vanes in Napier 

*Eland’ nozzle guide assembly 

The resistance to destruction of Deloro Stellite 
Alloys is worth investigating. Heat, abrasion 
and corrosion resistance is of a high order. Even 
combinations of these destructive effects make little 


impression on these remarkable alloys. 


ae Send for publication SP13 which gives properties of 
some of the alloys in the wide range. 


FOR HEAT RESISTANCE 


The Napier ‘Eland’ / 
propeller turbine aero engine 


ALSO PROOF AGAINST CORROSION AND ABRASION 


DELORO STELLITE tiv'orseton suetrae a acrnnve co. cre + acieve=ovrne = cue 
AD.NO.245 
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* EXPERIENCE... 


. gained in supplying 
Drop Forgings 
in special creep-resisting 
Alloy Steels 
and ‘Nimonic’ nickel alloys 
for gas turbines 
since the first Whittle engine, 
is at the disposal of 
Gas Turbine designers 
and manufacturers. 


A Main Supplier 

of drop Forgings 

to British and European Manufacturers 
of Aircraft Turbo-Jet 

and Turbo-Prop Engines; 

we are also active in the field of 


INDUSTRIAL GAS TURBINES 


and of 


COMPOUND DIESEL-TURBINE ENGINES 


and 


FREE PISTON-TURBINE ENGINES 





KERTH DER 


ee SHEFFIELD & DARLEY 


~ 
uw 


THE FIRTH-DERIHON STAMPINGS LTD. + SHEFFIELD 


A 16mm Colour Film with sound com- 
mentary, entitled ‘Drop Forgings in 


. 


NOVEMBER, 1958 Volume 19, No. I1 


ED.—4 





Seen under a microscope, BRYMILL tested 
steel (A ) shows a greater area of Atomic 


Disarray than do many of the coarser grades (8) 


GRAIN CONTROL 


This difference is due to the technique of 
* Grain Control " which ensures a tougher 
product, possessing lower internal stress 
and capable of withstanding rigorous uses in 


all conditions 


BRYMILL Laboratories will be happy to 
advise on the grades of stee! most 


suited to your particular need. 


BRYMILL 


BRITISH ROLLING MILLS LTD - BRYMILL STEEL WORKS - TIPTON STAFFS 
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The news behind the headlines is often made at 


Have Ransome and Marles been associated with any of 
the big developments in British industry ? 


We don’t hit the headlines — but we often help to make 
headline news possible. Since the war we have carried 
out research into design, materials, lubrication and 
production for a number of important projects. One of 
these is nuclear power generation. From 


the early days of Calder Hall 


c= 4 1 


our technicians have been 
tackling fresh problems as 
new and more powerful 


reactors are designed. 


Are there any other 


interesting projects? 


RANSOME & MARLES BEARING CO LTD 


TELEPHONE 


. 


1958 Volume 19, No. I1 


NEWARK 456 ANDO 


Yes, several. Britain has been achieving a world-wide 
Two notable users of 


RaM Bearings are Armstrong - Siddeley Motors and 


Bristol Aero Engines 


success with her aircraft engines 


The Proteus engines of the latest 
Bristol Britannia are of course fitted with Raw Bearings 


Then again “automation™ is a popular word these days 
We at Ram are becoming increasingly “automatic” in 
We also 


supply the bearings for the latest electronic machines 


many of our processes in shops and offices 


Our customers include Powers Samas, Elliott Brothers, 
IBM and British Tabulating Machisies 

just another example of the role 
played by RAM in all fields of 


industrial development 


* NEWARK-ON-TRENT * ENGLAND 


TELEX 37-306 








fi b | iy 
as clean as a Gloucester Casting 
/ a | 


\ 


\ 


‘As clean as a Gloucester Casting” means that Gloucester 
malleable iron castings are of high definition, 

true to pattern, cleaner and smoother because of better 

sand practice and better fettling. 

Mould and core sands and their bonding additives are under 
constant laboratory supervision, even the very sand 

grains are sized and numbered, and consistency and distribution 
of sand are strictly controlled by a continuous 

mechanical unit. The high refractory characteristics 

prevent sand “burn-on” at re-entrant angles, thus greatly 
increasing the life of cutting tools during the machining process. 
Beaving bracket in The new elevator-type electric furnace anneals in 48 hours ! 
Malleable Iron. Weight 3b: — instead of the usual 7 days. It also allows greater 

control of the component during annealing, resulting 

in uniformity of metal, greater strength, and resistance to impact 


Brake shoe for small vehicle 
in Malleable Iron. 


A typical Gloucester Malleable specification. 





Gloucester Gloucester Lamellar 
Blackheart Malleable Pearlitic Malleable 





Elongation ea 18% Elongation ¢ 5% 
Yield Point -. I2tons Yield Point -. 24tons 
Tensile Strength 25 tons psi Tensile Strength 35 tons psi 














CLOLOEL SILA 


5 


, Sb 
won) GLOUCESTER 
A 


GOOD CASTINGS 


Gloucester Foundry Ltd., Emlyn Works, Gloucester 
(A subsidiary of the Gloucester Railway Carriage & Wagon Co. Ltd.) 


Telephone: Gloucester 23041 : Telegrams: ‘Pulleys’ Gloucester 
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BRUSH SPRINGS BY TERRYS 


Our long experience has taught us how to make good 
BRUSH SPRINGS in steel and phosphor bronze. Please may 
we quote to your samples or prints? 


HERBERT TERRY & SONS LTD 


mapoircn Spring Specialists for over 103 years 


Manchester: 279 Deansgate London: 27 Holborn Viaduct, &.C.1 
Birmingham: 210 Corporation Street 
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Wherever lightness 








and strength 




















are required— 





















































Cut it to the shape you want—it holds together because 
it’s welded together. In the Weldmesh list of standard sizes 
you will find a mesh size and wire gauge to suit every purpose. 








A technical service is available to handle any problems. 














a 


Weldmesh is a registered trade name and is supplied direct to users by the sole manufacturers: - 


THE B.R.C. ENGINEERING CO. LTD., STAFFORD 


London, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 
Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W.|! 


Mow .896 
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FIRST IN THE FIELD—AND STILL IN THE LEAD 





Type LMB Mobile Column and 
Boom fitted with the LINCOLNWELD 
B.10 Fully Automatic Welding Head. 


Wether for hand or automatic 
welding applications, LINCOLN can offer a 
complete range of arc welding 
equipment and work handling fixtures to 
suit your individual requirements. 
Typical examples of our latest positioning 
equipment are shown here, but for 
full details and specifications of the various 
types available, please write today to: 


LINCOLN ELECTRIC 
CO LTD 


WELWYN GARDEN CITY - HERTFORDSHIRE 
WELWYN GARDEN 920 (5 lines) 4581 (5 lines) 
Cables & Grams: Shield-Arc, Welwyn Garden City 
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LINCOLN 








THE BRITISH ELECTRICITY GRID UNDER CONTROL 


THAMES NORTH CONTROL CENTRE 


TING STA O | SWITCHING STA 
rc 


East Ham 
Biackwali Point Finsbury 
Brunswick Whart \ 
Grove Road aa 
Seas, Basildon 
Braintree 
Bury St Edmunds 
St. Pancras Cheimstord 


Poplar a, 


Stepney Colchester 


Walthamstow Elstree 
West Ham 10] Finchley 
A 1 | Hatfield 


Bedtord Hemel Hempstead 
Bracwell 13 | Hornsey 
Bramsdown 


Cif Quay 


Rayleigh 
Stowmarket Sp 

ee Sundon 

Letchworth 1 Tottenham - 








Thames North Control Centre is one of the three control centres installed by 
S.T.C. for the Thames North, Leeds and Newcastle Control areas in the 
Central Electricity Generating Boards electricity supply system. This system 
with its national centre and seven local control centres is the largest system 
under unified control in the world, having 260 Power Stations and a total out- 
put of 24,000 MW. The new “standardised system" of control, general 
indicating, telephone and telemetering equipment has been developed jointly 
by the Generating Board and the three telephone manufacturers — 
Automatic Telephone and Electric Co. Ltd., the General Electric Co. Ltd., 
and Standard Telephones and Cables Ltd. In addition to the above schemes 
S.T.C has played an important part in the remote control schemes for the 
North of Scotland Hydro Electric Board (NOSHEB), Snowy Mountain 
(Australia), Owen Falls (Uganda,) Waipori (New Zealand), Aswan (Egypt) 
and Kariba (Rhodesia). 


Thames North Control Room 


Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.C.2 
TELEPHONE DIVISION: OAKLEIGH ROAD - NEW SOUTHGATE - LONDON N.II 
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Magnetic 
Storage 


Drum 


for Computers and Data Processing 


Originally designed to meet the stringent requirements of 
Automatic Telephone & Electric Co. Ltd., for telecommunica- 
tion application, the A. T. & E. Sperry Magnetic Storage Drum 
was developed in collaboration between the two companies. 
It is now available tor computer and data processing systems, 
for which it is the most advanced component providing an 
economical high-density storage of information. 

Special features include an extremely long running life and 
automatic lubrication system, a nickel-plated recording surface 
to enable transistorised or valve circuits to be employed and 
the ability to position reading and writing heads both axially 
along the mounting posts and circumferentially throughout the 
full 3€0 deg. of the drum periphery by means of the continuous 
“tT slot. 


Two versions of the A. T. & E./Sperry Drum are available at 
present, both 9 inches in diameter ; one with an effective surface 
area of 100 sq. in. and the other of 157 sq. in. 

A wide range of electronic equipment complementary to this 
drum is available from the Automatic Telephone & Electric 
Co. Ltd. 


ELECTRONIC 
COMPUTER 
EXHIBITION 


OLYMPIA 
Nov. 28 to Dec. 4 
STAND 39 


SPERRY 
») GYROSCOPE COMPANY LIMITED 


GREAT WEST ROAD BRENTFORD MIDDLESEX 


(In collaboration with Automatic Telephone & Electric Co. Lid.) 
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important firms 
SPECIFY DELAPENA EQUIPMENT 


The production of hydraulic cylinders for Testing Machines demands a 
high degree of accuracy, and W. & T. Avery Limited have increased their 
output of these components by using the Delapena 276 Beam Stroker 
for bores varying from }” to 164” and up to 4’ 6” in length. 

Combined with this versatility are speed and accuracy unequalled by 
any other process, coupled with better finish and closer tolerances that 
have reduced rejections to a minimum. Can you afford to ignore the 
many advantages that honing by Delapena equipment can bring? Why 
not give us a ring and talk it over? 


HONING EQUIPMENT 


DELAPENA & SON LIMITED 
of Heating and Precision Hening Equipment 
ZONA WORKS - CHELTE * ENGLAND 
Telephone: CHELTENHAM 66041 
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Where 
Strict 

accuracy . 
IS 


demanded 





Your problem of chipbreaker 
grinding can be solved 

by the combination of the Neven 
diamond impregnated chipbreaker 
wheel used in conjunction 

with the G.F.3 Mark II 
Universal Cutting and Tool 
Grinding Machine. 

The G.F.3 machine can also be 
supplied with an automatic 
traverse and we will be pleased 
to arrange a practical demon- 
stration of this equipment. 


SOLE AGENTS FOR NEVEN TOOLS 
FOR TUNGSTEN CARBIDE 
APPLICATIONS IN THE UNITED 
KINGDOM, MESSRS. WICKMAN 
LIMITED OF COVENTRY: 


IMPREGNATED DIAMOND PRODUCT 


OF GLOUCESTER - ENGLAND 
TELEPHONE 21164 (3 LINES) - TELEGRAMS IMPREG GLOUCESTER 
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You can be sure ‘“‘Starcast’’ will solve your casting 
problems, however complicated and intricate. From 
long experience and advanced technical knowledge, 
we have achieved a reputation for producing correct 
castings to the most exacting B.S. specifications. 
PLUS ALL MACHINE SHOP FACILITIES 
Our modern machine shop service including gear 
cutting and horizontal boring will economically speed 
your production programme (A.|.D. approved) 


accurate castings 
with complete uniformity 


right through { 


ae AP TT iu 
Grey Iron Castings from } Ib. to 5 cwt., ‘ 
each to British Standard Specification 1452 
RE TERED TRA MARK 


in grades up to I7 tons 


ACCURATE CASTINGS IN: 
GREY IRON ~- BRASS . GUNMETAL ALUM BRONZE . ALUMINIUM ALLOY (SAND AND DIE) 
Write to: 


THE STAR FOUNDRY LTD., BILSTON, STAFFS. Tel. BILSTON 414745 











Kopex pliable ducting for ventilation, fume and dust extraction 
can be prepared and fixed on site, making detailed preplanning 
and prefabrication unnecessary. It can be cut and bent 

by hand to fit in with the most complicated ducting layout 
Jointing is reduced to a minimum because Kopex can be 
supplied in continuous lengths. Follow the example of heating 
and ventilation engineers, government authorities and 

factory maintenance departments all over the country and 

save time and labour costs with this versatile ducting 


ducting is composed 

of a combination of 

paper and metal 

or all metal. There 

are grades for all 

types of installation, 

high or low 

temperatures 

Sizes up to 74” 1.0 

Write or phone 7 

for technical data Can be bent to small | Cuts easily with o Strong, but light in 

radii without distor- krufe weight greatly sm 
tion of bore plifying erection 


UNI-TUBES LTD. 


Head Office: 1/2 LANGHAM PLACE, LONDON, W.! Tel. LANgham 660769 
: “a Works: ALPHA STREET, SLOUGH, BUCKS. Tel. MOUGH 21547676 
ne 


KOPEX pliable WHY KOPEX SAVES TIME AND LABOUR COSTS 
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PITMAN 


INDUSTRIAL LAW 


By H. Samuels, M.A. 5th Edition. A book that is 
renowned as a clear-cut and concise guide to the 
complexities of industrial law and the intricacies of 
industrial relations. New and up-to-date edition. 
21/- net. 


GEARS 


By H. E. Merritt, M.B.E., D.Sc. 3rd Edition. A com- 
prehensive and up-to-date work designed to meet 
the requirements of mechanical engineers, 
draughtsmen and students. It embraces every 
important aspect in the classification of gears. 
60/- net. 


PERSONNEL MANAGEMENT AND 
INDUSTRIAL RELATIONS 


By Dale Yoder, Ph.D. This American book for per- 
sonnel officers has become almost the standard 
textbook on the subject in U.S. industry. Now 
available in this country, it provides the most up- 
to-date, dynamic, and thorough analysis of the 
whole concept of industrial relations. 55/- net. 


TECHNICAL BOOKS 


THE PERFORMANCE AND 
DESIGN OF A.C. MACHINES 


By M. G. Say, Ph.D., etc. 3rd Edition. A compan 
ion volume to Clayton's Perform: nce and Design of 
D.C. Machines. In this new edition the general 
theory of each machine is given, and details of per 
formance, control, testing, and design, are 
examined. 37/6 net. 


ENGINEERING INSPECTION 


By A. C. Parkinson, F.I.E.D., F.lnst.Mechs., etc. 3rd 
Edition. This widely-used book provides a clear 
practical introduction to inspection work, includ 
ing special reference to Aero requirements 
12/6 net. 


STRENGTH OF MATERIALS 


By F. V. Warnock, O.B.E., M.Sc., etc. 8th Edition 
A new and revised edition of this book—the stan 
dard work on the subject. Covers the syllabuses 
of the B.Sc.(Eng.), 1.C.E. and I.Mech.E. examina 
tions in strength of materials. Pitman's ‘’ Engineer 
ing Degree Series ''. 25/- net. 


PARKER STREET, KINGSWAY, LONDON, W.C.2. 
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Hydraulic Flexible Hose Assemblies 
by 


=w\eroquip 


Specified by discerning manu- 
facturers for equipment which 
is built to withstand the tough- 
est conditions. 


Maintenance is simple with Aeroquip Hose 
Assemblies. The end fittings can be re- 
used and only the damaged hose need be 
replaced; this can be done on the spot 
in a few moments. 


The ‘‘Landrainer’’, manufactured 
by W & G (Challow) Ltd. 


Write for catalogue 
and list of depots 
throughout the country. 


SUPER OIL SEALS 


AND GASKETS LTD. 
FACTORY CENTRE 
BIRMINGHAM 30. 
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@ HARD OXIDE COATINGS FOR 
ALUMINIUM 


It is reported that over- 
machined aluminium parts can be 
reclaimed and other products im- 
proved by a new electrochemical 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





finishing method which produces 

extremely tough oxide coatings of high dimen- 
sional accuracy. These coatings differ from con- 
ventional anodic finishes in two respects, i.e., 
they may have thicknesses in excess of 0-006 in., 
and they possess a ceramic structure which pro- 
vides excellent resistance to abrasion. The 
coatings cost about 40% less than hard chrome 
plating and slightly more than conventional 
anodizing. It is stated that some parts are de- 
liberately fabricated undersize to take advantage 
of the wear resistance of the new coating. Ex- 
perience is said to have shown that, if such coat- 
ings are applied to aluminium pistons for racing- 
car engines, the pistons will be in good condition 
after forty races, whereas aluminium pistons are 
ordinarily replaced afte every third race. Des- 
pite a wear resistance comparable with that of 
hardened tool steels, the coatings are not very 
brittle. They can also be used on forms for coils 
of electronic equipment, to which they will im- 
part sufficient dielectric strength for insulation 
up to 4000 V. Because of their increased heat 
resistance, these coatings can withstand occa- 
sional flame impingement. Tests conducted to 
determine the relative ability of the coatings to 
prevent corrosion have shown that they resist 
more than 13,000 hours of salt spray, while 
anodic films of the conventional type can with- 
stand no more than 250 hours. Before process- 
ing, the aluminium parts to be coated are 
cleaned and masked in the same way as for 
electroplating. They are then suspended in a 
stainless-steel tank containing a mixture of 
mineral and organic acids, the composition of 
which is not disclosed. The electrolyte is chilled 
to a temperature between 0 and 15°F by passing 
it through a refrigeration unit, in order to prevent 
it from attacking the parts to be coated. 


@ PRODUCTION OF VERY FINE MINERAL 
POWDERS BY AN ELECTRIC ARC 

A new process has been devised for the pro- 
duction of mineral powders of a very fine grade, 
either by vaporizing mineral refractories or by 
volatilizing and burning metallic vapours. The 
process is carried out in two distinct stages in 
separate chambers, the first stage involving the 
volatilization of the raw material, and the second 
the combustion of the product obtained from the 
first stage. The first stage is effected in an en- 
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closed electric-arc furnace, the output of which 
is controlled by introducing into the furnace an 
inert gas, the rate of flow of which is automatic- 
ally controlled as a function of the intensity of 
the arc current. Depending on the nature of the 
material treated, the first stage may involve both 
the reduction and volatilization of the raw 
material. The arc furnace comprises a furnace 
hearth, a graphite canopy, and an outlet tube 
having a graphite sheath. The second stage 
incorporates a hood which covers an outlet for 
the vapours from the arc furnace and means for 
introducing an inert gas immediately after the 
opening of the vapour outlet into the hood. A 
combustion gas is introduced into the hood 
through one or more openings in a position after 
the inlet for the inert gas in the direction of 
vapour flow. Adjustable shutters control the 
opening or openings, and the gaseous stream, 
carrying in suspension the mineral dust resulting 
from the combustion, is discharged through a 
duct. The dust obtained is then collected and 
separated by any suitable means, e.g., cyclone 
separators and filters. As an example of the 
efficiency of the new process, it is stated that 
silica dust has been produced with a particle size 
ranging from 0-01 to 0-1 micron. These particles 
are amorphous and are in the form of small 
spheres. As such, they are particularly suitable 
for use as fillers for plastics and rubber, as com- 
pared with dispersed silica containing quartz 
splinters of a polygonal form (and therefore pre- 
judicial to rubber) produced by other processes. 


@ IRRADIATED COLLOIDAL COAL IN DIESEL 
FUEL 

Experiments now being carried out with 
colloidal suspensions of irradiated coal in diesel 
fuel are based on earlier observations to the 
effect that exposure of coal specimens to inte- 
grated fluxes of slightly over 2 10'* slow neu- 
trons per cm? has led to noticeable changes in 
carbon content of the samples. The higher-rank 
coals, such as anthracite and low-volatile bitu- 
minous coal, have been found to lose carbon 
gradually during early stages of irradiation and 
then to show an increase in carbon content, 
most changes being of the order of about 2% 
carbon. In the case of humic acid, a linear in- 
crease in carbon was noted, this increase amount- 
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Putting two and two together and making five ! At least, that’s how it appears when you 
consider the saving in time and cost by changing over to tapping screws. 
Without doubt, the tapping screw does display a number of very definite advantages over the 
conventional machine screw. It obviates the use of nuts. With its self-locating point, 
it forms its own thread and eliminates a separate and expensive tapping operation. 
It makes for easier assembly, is stronger, cheaper and faster. And when used in conjunction 
with the Phillips recessed head, designed for power driving without damage to either 
work or worker, it is obviously safer. Putting two and two 
together, the tapping screw simply ensures a better job. 
Why not change over to tapping screws and prove it for yourself? 


° 
Lianread tapping screws for economy and safety 


LINREAD LTD. COX ST. BIRMINGHAM 3 


HIGH TENSILE HEXAGON HEAD BOLTS AND SETSCREWS 


SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS . 
ALEX SCREWPLUGS. 


AIRCRAFT BOLTS, SCREWS AND RIVETS + SEMS © RIVNUTS © CUSTOM DESIGNED COLD FORGED FASTENERS 
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ing to about 7%. Similar data have been accu- 
mulated relating irradiation with fixed carbon, 
volatile content, oxygen content, and B.T.U. 
values, and have been evaluated in an attempt 
to determine the radiochemical mechanisms res- 
ponsible for the changes observed. In general, 
demethanation and decarboxylation appear to 
be the most likely mechanisms, but losses of 
methane and carbon dioxide do not necessarily 
occur simultaneously. Further studies have 
shown that, by irradiation, coal of 1 to 4 microns 
particle size is split, making it of the order of the 
same particle size as’ conventional petroleum 
fuels. It has also been found that, through the 
use of some catalysts, better particle size of the 
mix of coal with oil can be secured, indicating 
that the coal is going into solution. Generally 
speaking, the theory is that coal is composed of 
saturated and unsaturated hydrocarbons, hetero- 
cyclic compounds containing oxygen, nitrogen, 
sulphur, and aromatic compounds, the latter 
being the primary constituents. In general, 
irradiation will cause degradation of the con- 
stituents of coal, resulting in turn in a decreased 
particle size, of the order of magnitude of 0-5 to 
1 micron. 


@ EXTRUDED MOLYBDENUM TUBING 

It is reported that arc-cast molybdenum, 
which has long been classified as virtually un- 
workable by conventional methods, can be 
handled with less difficulty if its grain structure 
is refined. Tubing in diameters ranging from 
1 to 6 in. has been produced by a cold extrusion 
method, and seamless tubes, 12 in. in diameter 
and several feet in length, may be produced by 
special techniques. Lengths over 5 ft are feasible, 
depending upon the combination of dimensions 
(outside diameter and wall thickness). However, 
only unalloyed molybdenum has been success- 
fully cold-extruded, because hard alloys such as 
molybdenum with 0-5 °%% titanium cause excessive 
tool loads. Other shapes can be made if they are 
hollow, with one end closed, or where relatively 
heavy outside or inside diameter ribs are speci- 
fied. The solid round billet for cold extrusion is 
made from the original casting by hot extrusion 
and hot rolling. The cast billets are first surface- 
conditioned by machining and heating in a salt 
bath at 2200 to 2400°F, the bath preventing both 
the fuming oxide and the formation of the slip- 
pery oxide surface characteristic of molyb- 
denum, while the salt adheres to the surface and 
protects it while lubricants are applied. Extru- 
sion ratios are about 3 to 1, and the extruded 
parts are stress-relieved by annealing. Cold 
work on the hot-formed product must be car- 
ried out above the brittle transition tempera- 
ture, i.e., above 150 to 200°F. Finishing opera- 
tions often require intermediate anneals. In 
making tubes, the slug made by breakdown is 
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heated to 600 to 800°F and cupped by backward 
extrusion, the tools being preheated to SO0°F. 
The bottom of the cup must be trepanned or 
bored out before forward extrusion. It is re- 
ported that attempts are being made to make 
tubing with a small wall thickness. Tooling 
failures and breakage still present problems, but 
tubes with 0-018- to 0-03-in. wall thickness have 
already been formed. 


@ ELECTRIC TRANSDUCER UTILIZING 

THE HALL EFFECT 

A recent proposal is concerned with a trans- 
ducer for the conversion of small mechanical 
movements into corresponding electrical signals 
by making use principally of the Hall effect in a 
semiconductor, i.e., the development of an elec- 
tromotive force in the semiconductor transverse 
to the direction of a current flowing through it 
whilst it is subjected to an externally applied 
magnetic field at right angles to the direction of 
current flow. In addition to, or instead of, the 
Hall effect, the transducer action can be obtained 
by utilizing the change in the resistance of the 
semiconductor with changes in an applied mag- 
netic field. The transducer comprises a piece of 
indium antimonide provided with leads for pass- 
ing an electric current through it. A non-uni- 
form magnetic field is provided at the semi- 
conductor, either by using specially shaped 
magnet pole-pieces or by placing part of the 
semiconductor outside the magnet gap. Either 
the magnet or the semiconductor is made mov- 
able, so that the changes in the magnetic field 
strength caused by the relative movement of 
magnet and semiconductor produce changes in 
the current flowing in the semiconductor, causing 
signal currents. When the external leads by 
which these signal currents are taken off are 
positioned transversely to those by which the 
external current is fed in, the resulting signals 
are due to the Hall effect. If the signal currents 
are taken off in series with the external current 
flow, the signals are the result of magneto-resis- 
tance effects in the semiconductor. As indium 
antimonide shows a large Hall effect, it is stated 
to be especially suitable for use*in this novel 
electric transducer, a particular application of 
which is in a microphone ; it can, however, 
also be employed in vibration pick-ups, strain- 
gauges, and similar equipment 


@ FOIL-CLAD LAMINATES IN PRINTED 
CIRCUITRY 

A printed circuit may contain components, 
such as inductors, capacitors, or resistors, or it 
may consist solely of printed wiring which pro- 
vides point-to-point electrical connections or 
shielding. In the manufacture of foil-clad lami- 
nates used for printed circuits, the foil, coated 
with a thermosetting adhesive, is bonded to 
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sheets of resin-impregnated fibrous filler, such as 
paper, fabric, or mat. According to a recent 
article describing American practice, electroly- 
tic copper foil, either 0-00135 in. or 0-0027 in. 
thick, is normally used and is made in widths up 
to 60 in. by continuous electrodeposition from a 
copper sulphate plating bath onto a slowly 
revolving lead drum. Aluminium and silver are 
the only other available foils having sufficient 
conductivity to be of interest electrically, but the 
cost of silver and the difficulty of soldering 
aluminium eliminate them from consideration at 
present. Inasmuch as printed wiring is sup- 
ported on the surface of the insulator, electrical 
leakage is far more serious than with point-to- 
point wiring, where leakage can occur only at 
terminals. Contamination, both in processing 
and in service, becomes a problem, since residues 
of etchant and solder flux, fingerprints, and even 
airborne dirt can induce insulation failures. It is 
a characteristic of the process that a film of 
adhesive remains on the surface of the boards, 
so that the adhesive must be a good insulator, 
as well as a good bonding agent. Uniformity 
and continuity of the foil are of course essen- 
tial, and shortcomings in this respect still 
present some difficulty. Nevertheless, although 
trends may eventually develop away from 
etched-foil processes, it seems probable that the 
etching of copper foil-clad laminates, because of 
their simplicity and adaptability to change, will 
occupy an important position, particularly in the 


development stages of circuit design and in the 
manufacture of items in limited demand. 


@ CHARACTERISTICS OF COMPENSATED 
GAS BEARINGS 

The trend towards higher speeds and higher 
temperatures has created a major design problem 
in the support of shafts and other moving ele- 
ments in airborne equipment. Conventional 
bearings, such as oil-hydrodynamic and rolling- 
contact types, are currently operated near their 
ultimate limits of speed and temperature. Al- 
though the compensated gas-lubricated bearing 
offers one attractive solution to this problem, 
little information has been published which 
would enable designers to compute reliably the 
load capacity, power loss, or dynamic character- 
istics of such bearings. Even qualitative effects 
of various design parameters on the dynamic 
characteristics of a given bearing configuration 
cannot be deduced in many instances. Function- 
ally, an almost direct analogy exists between a 
fluid bearing and a conventional hydraulic or 
pneumatic fluid-control system. A fluid bearing 
is essentially a position-control system which 
tries to hold a bearing journal centered in a bear- 
ing sleeve. This position device is subjected to 
disturbances in the form of loads which must be 
carried by the bearing elements, and a satisfac- 
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tory bearing must have a load stiffness sufficient 
to keep deflection less than a prescribed fraction 
of the bearing clearance when the system is sub- 
jected to the maximum expected load force. A 
recent study of gas bear:ngs deals with externally 
pressurized bearings in which any effects of shaft 
rotation on static or dynamic characteristics can 
be neglected. The problem has been simplified 
to the point where analysis can be used to yield 
quantitative design information, and the results 
obtained can be used to compute the effects of 
various design parameters on bearing perform- 
ance. 


@ POLYPROPYLENE PLASTIC 

The new plastic polypropylene, produced by 
the Ziegler process of polymerizing ethylene 
with the use of organo-metallic catalysts, can be 
formed without difficulty into injection-moulded 
parts, extruded shapes and tubes, extruded films, 
and drawn sheet, as well as into mono- or mullti- 
filaments. Moreover, it is the first hydrocarbon 
polymer which is completely resistant to stress- 
cracking, and yields parts of high gloss and excel- 
lent chemical resistance. From comparative data 
it is apparent that a valuable new material has 
become available for the fabrication of a great 
variety of industrial items. In volume per unit 
weight, polypropylene offers the most favourable 
ratio of any plastic material. Thus, any formed 
part will possess an extremely high strength-to- 
weight ratio, while the tensile strength and 
elongation are adequate, as are also tensile 
modulus, yield stress, and yield strain. Its 
notched Izod impact strength of | ft-lb per inch 
of notch is, however, lower than that of amor- 
phous polymers such as cellulose acetate buty- 
rate, though oriented items such as film and fila- 
ments are high in impact resistance, even at 
temperatures as low as — 50°C. Flexural strength 
is excellent, being superior to that of most avail- 
able plastics. With regard to stiffness, actual 
tests have indicated that the material is satis- 
factory for items such as tubing and vacuum- 
formed containers. The hardness, which 
amounts to 92 on the Rockwell R scale, is said 
to be excellent and is sufficient for all but the 
most severe requirements. Polypropylene has a 
crystalline melting point of approximately 165 to 
170°C, this property being manifested by a high 
degree of heat resistance. Also, like all polyole- 
fines, it has substantially zero water absorption. 


@ REMOTE FLUOROSCOPY IN THE 2-Met 
RANGE 

While industrial radiography in the |- to 2- 
MeV range is now a routine procedure, and ex- 
haustive studies have been made in the field of 
1-MeV fluorography, fluoroscopy in this range 
has never been seriously attempted, the main 
reason being the problem of ensuring sufficient 
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MULTIPLE SPEED 
GEARBOXES 

with co-axial shafts, 
capacities 5, 15, 3 
H.P. overall ratios 
from |-l up to 7-1. 
Two, three or four 
speeds. Motorised 
or non-motorised. 


VARATIO POSI- 
TivE VARIABLE 
SPEED GEARS. 
for speed changing 
under power. Capac- 
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7, 9, 13 speeds res- 
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TURQUOISE 
isnot ‘just another’ 
drawing pencil 


The lead in Turquoise pencils is something quite 
special. It is prepared from 100%, electronic graphite, 
which after being cleansed of all impurities is spun to 
particles of 1/25,000 of an inch, then blended with 
clay and steeped in hot waxes. 

A finer, more compact lead structure results, because 
millions more minute graphite particles are com- 
pressed into every inch of lead. 
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This lead structure makes Turquoise the most reliable 
pencil you can use. It ensures exceptional smoothness 
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VALVE AND 
WINCH OPERAT- 
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—this eases your work. It means less wear and greater 
resistance to point breakage—this saves time and 
money. It means denser, more Opaque lines for 


Co ~ axial shafts. 
Fiange - mounting. 
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vidual applications. 
Hand or power 
operation. 


cleaner, sharper reproductions. 


Turquoise Grading is Tried and True 
Turquoise pencils are made in 17 gradings. 
Each is compounded from a separate 
precisely controlled basic formula of 
graphite and clay, and each is therefore 
mas uniformly spaced as the inches on 
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range of variable speed gear 
units and speed reducers. 
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customers’ requirements. 


Write for further details. 
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protection against radiation. The performance 
of a closed-circuit television system below 250 
kVp has been reported some time ago in the 
literature. A recent report now discusses the use- 
fulness of a closed-circuit television system in the 
2-MeV range and points to additional fields of 
application. The source of radiation used in 
these investigations was a 2-MeV Van de Graaff 
X-ray generator producing 75 roentgens per 
minute at 1 metre. The focal spot of 1 mm dia- 
meter was small enough to justify neglecting the 
calculation of minimum perceptible effect with 
the geometry used. The high radiation dosage 
delivered by the generator has a favourable 
effect on the resolution of the television system, 
since resolution is a function of screen bright- 
ness. A closed-circuit television system with 
1029 scanning lines and low-noise high-gain 
amplifiers was used. The system itself comprised 
a detector unit, with the fluoroscopic screen, 
lens, television pick-up tube and input amplifiers, 
and a remote viewing console incorporating 
drive units, pulse former, and amplifiers, as well 
as a 10-in. kinescope viewing unit. A “ wide- 
spaced ’’ image Orthicon and a semi-persistence 
kinescope tube were used for penetrameter in- 
vestigations, while a short-persistence kinescope 
was used for fluoroscopic-screen brightness 
measurements. With a kinescope viewing screen 
of 10 10 in., the optimum television-system 


resolution occurs when the vertical and hori- 
zontal line resolutions are approximately equal. 


@ IRON-ALUMINIUM ALLOYS WITH 
STAINLESS-STEEL PROPERTIES 


The most striking characteristic of Fe-Al base 
alloys is their resistance to high-temperature 


oxidation, which can be made to exceed that of 


any stainless steel. The use of binary Fe-Al 
alloys has, however, been limited by their room- 
temperature brittleness. As the authors of a 
recent report point out, it is believed that the 
factors responsible are (1) the appreciable dif- 
ference between the ion diameters and crystal 
structures of iron and aluminium; (2) the tend- 
ency of an Fe,Al type towards an ordered struc- 
ture in alloys containing 13 to 21°% Al ; (3) an 
apparent sensitivity of these materials to the 
effects of interstitially dissolved elements ; and 
(4) a considerable bent towards grain growth at 
high temperatures. A second inherent deficiency 
of binary alloys is their moderate high-tempera- 
ture strength. Aluminium additions tend to 
prevent allotropic transformation in iron, and 
Fe-Al base alloys retain a body-centered struc- 
ture at all temperatures. The inclination to grain 
growth makes the Fe-Al alloys hard to weld. 
The weld zone is usually a coarse, columnar 
structure when Fe-Al filler metal is used. The 
use of an austenitic filler metal results in a 
ductile deposjt, but the heat-affected zone next 
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to the weld becomes brittle. The undesirable 
properties of the Fe-Al alloys can, however, be 
rectified by adding a sizeable amount of chrom- 
ium, which has been found to eliminate the 
super-lattice as a source of difficulty and to 
confer corrosion resistance. Two experimental 
alloys have recently been developed. The first of 
these, containing 5-5% Al and 9-5°%, Cr, appears 
to have properties comparable with those of 
type-430 stainless steel. The second alloy con- 
tains 7°5% Al and 5% Cr, as well as small 
additions of other elements. Its oxidation resist- 
ance is stated to be exceptional and comparable 
with that of type-347 stainless steel. Neither of 
the two alloys can successfully be fusion-welded, 
but resistance welding is possible. 


@ EFFECT OF SHOT-BLASTING ON THE 
CORROSION FATIGUE OF MILD STEEL 
Shot-blasting is in general use in the ship- 
building industry to remove mill-scale from steel 
plates and to make the paint adhere fo their sur- 
faces. The shot-blasting process work-hardens 
the surface layers of the plate and, as a result, 
its mechanical properties are influenced, parti- 
cularly fatigue strength being considerably im- 
proved. A recent Japanese investigation is con- 
cerned with the fatigue properties of as-rolled 
and shot-blasted mild-steel plates in air, in water, 
and also when subjected to cathodic protection, 
It has been found that the shot-blasted plates 
had a tensile strength and fatigue limit which 
were 20% higher than the values obtained 
with plates in the as-rolled condition, while 
Vickers hardness was improved by about 25%. 
In the case of corrosion fatigue produced by the 
combined action of reversed stress and corrosion 
at the bottom of a sharp notch, where the stress 
is intensified, it was found that, when the stress is 
tensile, the potential is displaced in the anodic 
direction, and the corrosion products formed a 
the bottom of the notch are pushed out by the 
subsequent compression stress. The notch there- 
fore gradually increases in depth and finally 
causes rupture of the material. As local sharp- 
ness is the decisive factor, differences in general 
surface irregularities have little effect on corro- 
sion fatigue. In the fatigue tests on cathodically 
protected plates, the potential of each specimen 
was maintained throughout the test at between 
0-80 and —0°85 V. This potential was a mean 
value for the specimens, and some local parts 
were presumably above the potential proper re- 
quired for corrosion protection. The fatigue 
limits under cathodic protection were found to 
be considerably lower than those in air. It is 
concluded that the cathodic current must be 
increased to prevent corrosion of the inside of 
the minute notches, and it can then be expected 
that fatigue strength will rise above the values 
found in the case of exposure to air. 
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INDUSTRIAL and chemical plants are nowadays making 
more and more exacting demands on available metals, 
and, as a result of process divergencies, particularly in the 
case of chemical plants, design and fabrication are of the 
utmost importance for ensuring a reasonably long service 
life. 

In addition, the comparatively recent development of 
new processes has obliged consideration of the merits of 
relatively new materials, and, while it is true that the com- 
bined efforts of metallurgists, design engineers, and metal 
producers generally have led to an extensive range of new 
materials, two major factors regarding the constructional 
aspects of such materials must be considered, these being 
corrosion resistance and ease of fabrication. Admittedly, 
pressure considerations are an extremely important, if not 
the governing, factor when discussing plant requirements, 
but fortunately the development of metallic materials has 
more than maintained the pace and standards set in this 
direction. In this article, therefore, it is proposed to 
examine materials only from considerations of corrosion 
resistance and ease of fabrication. 

Before examining the materials available, however, it 
is worth while analysing the factors affecting choice of 
materials, with specific reference to corrosion resistance 
and weldability. Strictly speaking, there is no such mater- 
ial as a ** corrosion-resistant ”’ alloy, since this resistance 
is relative to, and a direct function of, environment. 

The final choice of material should be made bearing 
in mind certain basic principles, and although the follow- 
ing list is not intended to be complete, it should serve to 
act as a guide to the ultimate choice. 

(1) Nature (acid or alkaline) and basic composition of 
the liquid or gaseous media. 
Temperature, concentration, and working pressures 
of the system. 
Trace elements or possible contaminants which 
may be present. 
Any possible oxidizing or reducing conditions, 
attempts to establish which should be made. 

Other factors, such as degree of aeration, flow rate, 
and even the basic design of the vessel should be taken 
into consideration. Unfortunately, despite careful speci- 
fication of the material, the user is not insured against 
anything more than an estimated corrosion resistance. 
The material selected is accepted and chosen in the light 
of the basic factors quoted, allied to which an estimated 
industrial knowledge of how similar alloys in service have 
behaved may be added. 

Once the alloy has been selected, there may well re- 
main the significant question as to whether it can be 
readily fabricated, without undue problems, particularly 
with regard to welding, shaping, and forging. It is not 
possible in thi¥ article to deal fully with those factors 


NOVEMBER, 


£.D.—6 


1958 Volume 19, No. II 


affecting the weldability of a metal, since they involve a 
precise knowledge of fundamental metallurgical charac- 
teristics. However, practically all metals and alloys may 
be joined by a suitable and appropriate method, with 
welding accounting for the greater proportion of these 
metallic materials. 

The choice of a manual or an automatic fusion tech- 
nique, or of an inert gas with a consumable electrode or 
of a straight fusion technique, depends on a number of 
factors, including workshop facilities, particularly with 
respect to post-heat treatment and automatic welding 
Thus, consideration must be given to such questions as 
the ability of the weld to harden from the temperature of 
welding, the possibility of undue residual stresses, the 
production of homogeneous joints, and the ability of the 
weld to exhibit a strength proportional to, and possibly 
in excess of, that of the parent metal. Similarly, in the 
light of basic experience and technology, it may be neces- 
sary to make a decision regarding the pre- and post-heat- 
treatment of welds. These are all points worthy of con- 
sideration in deciding the most suitable method and tech- 
nique for a specified project. 

Thus, it can easily be appreciated that welding is a 
flexible process, and that fabrication by welding has 
brought about a minor revolution in this direction. When 
properly conducted, it serves as a highly efficient means 
of joining metals, and in certain instances may well be the 
only method of producing a reliable metal-to-metal joint 
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Often termed the ** Aunt Sally " of metals, and some 
times the most underrated material, mild steel accounts 
for an enormous percentage of fabricated components. 
Possessing excellent working and welding characteristics, 
it may be joined by almost any welding process. Econo 
mically, it is best welded by manual or automatic metallic 
arc methods when fabrication problems are kept to a 
premium. 

Mild steel is widely employed in the construction of 
Storage tanks, heat exchangers, vaporizers, and a variety 
of other jobs, an example of its use in 12-in. o.d. sludge 
pipes being shown in Fig. 1. Naturally, mild steel cannot 
be utilized for onerous corrosion duties, but it is worth 
noting that it has been used for storing sulphuric acid in 
concentrations of 80 to 98”... 

Slight additions of alloying clements such as nickel, 
chromium, molybdenum, copper, and even arsenic, confer 
favourable properties on this material, either with respect 
to corrosion resistance, scaling resistance, or increased 
mechanical porperties. An example of the use of a low 
alloy steel in the construction of a duct is shown in Fig. 2 

One unfortunate limitation of mild steel, however, is 
e Metallurgist, Ashmore, Benson, Pease A Company 





its low impact strength at sub-zero temperatures, and, 
where a high degree of notch ductility is required, other 
Steels must be sought. To overcome the limitations of 
carbon-steel alloys, there is a host of linings, metallic and 
non-metallic, in everyday usage. Rubber, ceramics, non- 
ferrous alloys, sprayed metallics, and stainless steel are all 
used, generally with the mild-steel portion of the vessel 
designed to carry the working stresses. 

Stainless-clad mild-steel vessels are not discussed in 
this section by virtue of the fact that, while it is true that 
the mild steel shell may be carrying the load, it is the 
Stainless steel which forms the essence of the constructed 
vessel. 

Although manual metallic arc methods are respon- 
sible for the great majority of fabricated mild steel, auto- 
matic and semi-automatic processes of welding are being 
increasingly used. Without detracting from the quality 
of a manually finished weld, automatic methods compare 
favourably with, and in some instances show a decided 
improvement over, manual methods. 


NICKEL AND ITS ALLOYS 

The metal-arc process is almost exclusively used in 
welding nickel and its alloys but, wherever thin sections 
require joining, it is not uncommon to use the argon-arc 
process. Undercutting tendencies on some inaccessible 
jobs have led to the use of an inert-gas process, even when 
fairly thick sections are to be joined. 

Extraordinary care is needed during manipulation and 
fabrication of nickel materials and, since molten nickel 
shows a marked affinity for oxygen, filler wire in argon- 
are processes should contain an element which exhibits 
the ability to de-oxidize the molten weld pool rapidly. A 
further injurious element to nickel alloys is sulphur, which 
is usually present in most paints, oils, and greases. It 
therefore becomes of paramount importance to uphold 
and maintain immaculate practices in shop procedure 
when fabricating nickel materials. 


- 4 
Fig. 1. Twin sludge pipes of 12 in. o.d., fabricated in mild steel. 

The chemical industry has exposed nickel materials, 
with a notable degree of success, to acetic acid, formic 
acid, and formaldehyde, and in some instances to the 
conjoint action of these substances with sulphuric, sul- 
phurous, and phosphoric acids. 

Monel metal, which contains 70°,, nickel and 30°, 
copper, is extensively used in tube pumps handling bro- 
mine trifluoride at elevated temperatures. In addition, 
this alloy exhibits excellent resistance to sea-water, even 
under aerated conditions. Caustic alkalis are rather cor- 
rosive agents, but most of the nickel alloys show good 
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resistance, even with solutions up to 75%, concentration. 

Pure nickel has found extensive use in salt evapora- 
tors, an application in which most other materials would 
prove quite unsuitable. An example of the use of pure 
nickel in the construction of evaporators is shown in Fig. 3. 

Where conditions are not too corrosive, progressive 
additions of copper to nickel provide a range of cupro- 
nickel alloys which exhibit fairly good corrosion resis- 
tance and mechanical properties. Inconel is another 
nickel alloy which possesses excellent resistance to specific 
environments ; for example, the pulp-paper industry 
employs this alloy for sulpjite digesters. 


Fig. 2. Section of a duct fabricated in low-alloy steel. 

Where sulphuric acid is produced, stored and hand- 
led, no single alloy can be guaranteed to withstand the 
range of fluctuations in temperature and concentration. 
For instance, in the manufacture of isopropyl alcohol, a 
variety of alloys is generally used, including Monel in the 
reboilers and vaporizer bundles, pumps, and ancillary 
equipment. 

The problem of corrosion in petroleum refining is of 
a complex nature, and in some instances is extremely 
serious. To combat these difficulties, especially in 
cracking-unit heaters, distillation columns, reactors, and 
settlers, nickel and its alloys are used. Quantitative infor- 
mation on the performance of such alloys as Inconel, 
Hastelloy, stainless steels, and Ni-Res.st, show sur- 
prisingly good results when they have been located in 
pumps and valves and in hydrochloric acid alkylation 
plants. 


ALUMINIUM AND ITS ALLOYS 

For many years the full benefit of aluminium alloys 
was confined to chemical-plant activities, owing to fabri- 
cation difficulties. This does not mean that aluminium 
was not employed, but rather that its use was somewhat 
restricted. Metallurgists were well aware of the enormous 
potential of aluminium, with its inherently good corro- 
sion resistance, allied with strength and lightness. 

To cater for the requirements of the process industries, 
a very wide range of aluminium alloys is now available, 
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the principal additives including copper, magnesium, 
zinc, and manganese, in different proportions, according 
to the degree of corrosion resistance and mechanical 
Strength required. A high proportion of these more 
highly alloyed metals is susceptible to age-hardening, 
giving rise to increased ultimate tensile strength after 
some mode of heat treatment. The compatibility of 
aluminium alloys with corrosive environments and their 
capacity to withstand attack depend on the thick tena- 
cious oxide film formed on the alloy. 

Attention has been drawn to the fact that aluminium 
alloys are non-toxic and that they do not contribute to 
discoloration of end-products or catalyse sludge. The 
latter points are extremely important in the drug and 
chemical industries, where the quality of the product may 
be the prime consideration. Heat exchangers made of 
aluminium have been employed in ammonia synthesis 
plants, whilst the value of external electrical fittings in an 
ammonium nitrate plant brought about the elimination 
of previous shut-downs caused by corroded mild-steel 
fittings. 


Fig. 3. kKvaporators made of pure nickel. 


As a result of numerous research programmes, it has 
been firmly established that aluminium and its alloys are 
highly resistant to concentrated white and red fuming 
nitric acid ; indeed, they have come to be regarded as 
the epitome of materials when such acids are under con- 


sideration. Even the copper-bearing aluminium alloys 
show marked resistance to inhibited fuming nitric acid. 

The petroleum industry has had recourse, with notable 
success, to the use of aluminium alloys, an example being 
the long mileage of this material in the Karachi oil fields. 

Two of the major factors deciding the use of alumin- 
ium materials for transportation purposes are probably 
the light weight and the purity of the transferred products. 
Thus, it is not uncommon to observe the wide use of this 
metal in portable bulk-liquid transportation, where their 
excellent resistance to impact and fatigue render the 
vessels extremely durable and safe. 

In the fabrication of aluminium components, two dis- 
tinct welding processes are used, one being the argon-arc 
process and the other an inert-gas metal-arc process. 
Without becoming too specific, it may be stated that, on 
the thinner classes of work, argon-arc welding is used, 
while the gas-shielded metal-arc process is reserved for 
alloy material greater than } in. in thickness. 


STAINLESS STEELS 


Stainless steels can be conveniently divided on a 
general basis into one of two groups, i.e., the ferritic and 
heat-treatable group and the fully austenitic group. The 
ferritic alloys May contain from 11 to 18°, chromium, 
1958 
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the largest class being the 13°,, chromium type, with the 
18°, type rather unusual. Austenitic stainless steels basi- 
cally contain 18°,, chromium and 8”, nickel, with the 
more corrosion- and heat-resistant steel containing up to 
30%, chromium. 

The 18/8 steels are far simpler to weld than the 13°, 
Cr steels, which rapidly air-harden from the temperature 
of welding, with the subsequent formation of hard brittle 
zones in and adjacent to a weld deposit where the elec- 
trode composition is similar to that of the parent plate 
Chemical-plant manufacturers favour the use of an aus- 
tenitic deposit for ferritic clad vessels, but in some in- 
stances post-heat-treatment of the finished vessel is a 
necessity. There are practically no limitations on actual 
welding processes, the most important restriction being 
the ** active ” gas-shield process, i.¢., shielding by gaseous 
COsz. 

Stainless steels combine a host of advantageous fea- 
tures, including good scaling and corrosion resistance, 
acceptable strength at high and low temperatures, and 
the ability to exhibit a fine metallic lustre. This latter 
point is important in crystallizers, where pre-nucleation 
effects, which might be caused by surface roughness, 
should be kept to a minimum. Metallurgical control in 
the choice of steel, welding process, and specific subse- 
quent heat-treatment can go a long way to mitigate the 
well-known problems of sigma brittleness, weld decay, 
* knife-line * attack, and crevice corrosion. Only by 
maintaining technical control and supervision during 
fabrication of these steels can welding hazards be over- 
come, ensuring a high quality of the finished product 

Chemical plants do not often use the martensitic type 
of alloys, which, however, have been extensively employed 
in power plant. It is also known that one specific grade of 
these alloys has shown resilience to the problem of pitting 
attack found in condenser tubes. 

Ferritic stainless steels are used for handling nitric acid 
and also in those processes where corrosion is not a diffi- 
culty in itself, but where contamination of the final pro- 
duct must be avoided. 

Despite the use made of these low-chromium siecels, 
the greater proportion of stainless steels found in chemical 
and atomic-energy plants are of the austenitic type 
Where conditions may prove too severe for a conven 
tional austenitic steel, a molybdenum-bearing alloy may 
be selected. For instance, where acetic acid is encoun 
tered, molybdenum alloys have given prolonged service 
life and offer the most flexible range of usefulness in cer- 
tain acetic acid process streams. Where the problem of 
acetic acid vapour arises, a more highly alloyed steel is 
generally called for. 

Applications of stainless steels in sulphuric acid solu 
tions have often led to complete failure. When galvani 
cally coupled, either directly or electrolytically, condi 
tions arise which are liable to render the stainless alloy 
passive or active, the latter almost certainly causing 
deterioration of the stainless steel. The variables govern 
ing the ultimate state of the steel may be a function of the 
oxygen content of the acid or contaminants present. The 
use of the molybdenum Stainless steels confers marked 
improvements but, even so, the solution strengths hand 
led should be restricted to the lower concentrations, ¢.g., 
up to 15 All the austenitic alloys are accepted as being 
capable of withstanding the higher concentrations (80 to 
95°.) but, as pointed out previously, cast iron and mild 
steel have proved quite suitable for such concentrations 
The intermediate range of sulphuric acid concentrations 
is the most difficult, showing a marked tendency to attack 
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most metallic systems ; even inhibition of the acid by a 
suitable oxidizing inhibitor has not entirely solved this 
problem. Alleviation has to some extent been achieved 
by copper-alloying a molybdenum-bearing austenitic 
stainless steel. Consequently, it appears a safe assump- 
tion that caution should be exercised and considerable 
discrimination used when selecting materials of construc- 
tion for handling sulphuric acid. In environments where 
slight contamination by noble metal ions, such as copper, 
and where acid is only one liquid in an admixed solution, 
this becomes something of a necessity. 

A spurious impression has been gained that stainless 
steels of the 18/8 type are worthy of consideration as 
materials for all caustic media. True, they have found, 
and are still finding, a place in chemical industries for 
specific types of caustic environments, but it is equally 
true that at relatively high temperatures strong alkalis 
tend to activate austenitic stainless steels. Under such 
conditions the passivity of the metal is destroyed, and its 
corrosion resistance may become comparable with that 
of mild steel. In general, it would appear that the stain- 
less steels are fairly reliable in handling dilute alkaline 
solutions but, with strong caustic alkalis, other materials 
should be sought. 

Under a variety of conditions and corrodents too 
numerous to mention in this article, stainless steels have 
shown satisfactory resistance to solutions of phosphoric 
acid, chromic acid, many organic acids, and ammonia 
solutions. Apparently, the corrosion resistance of stain- 
less steel to phosphoric acid is subject to those minute 
factors not normally justified as worthy of consideration. 
For instance, two American corrosion scientists dis- 
covered the deleterious effects of halides and phosphorus 
oxides, when accelerated corrosion took place. 


COPPER AND ITS ALLOYS 


Since ancient times, copper and copper alloys have 
always been considered as corrosion-resistant metals. It 
is not surprising, therefore, to find that in tubular con- 
densers, used extensively in refinery plants, copper alloys 
are widely employed. Initially, considerable difficulties 
due to dezincification (a selective chemical attack on one 
element in the alloy) somewhat hindered development 
but, once it was established that slight solid inhibition 
with arsenic or antimony overcame the problem, con- 
tinued use was made of copper alloys. 

Of latter years there has been a growing tendency to 
select tubes for corrosive conditions in cupro-nickel 
materials. Based on 70°, copper and 30°, nickel, they 
may be located in those parts of a plant which prove most 
trying with respect to corrosion. 

Special mention has been made of tubes merely be- 
cause this is perhaps the greatest outlet for copper mater- 
ials in the chemical and allied industries. However, the 
alloys do find other uses, including equipment for indus- 
trial, chemical, and associated industries involving expo- 
sure to saline, alkaline, and acid solutions, for sea-water 
components such as shafting and general marine hard- 
ware, for earthing equipment subject to soil corrosion, 
and sometimes for fresh-water supply lines. 

The commercial copper alloys cover a wide range of 
compositions, and some alloys may exhibit superior 
mechanical characteristics at the expense of their corro- 
sion resistance. 

The family of copper materials is fabricated by inert- 
gas welding, soldering, and brazing methods. Welding is 
generally carried out by the argon-arc process, but gas- 
welding techniques are also used, and it has now been 
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shown that, with suitable precautions, a submerged-arc 
process may be utilized. It is hoped that in time this latter 
method will be applicable to the manufacture of high- 
quality welds satisfactory for specific code requirements. 


LEAD AND ITS ALLOYS 


Despite the antiquity of lead—it appears to be one of 
the earliest metals used in chemical engineering—new 
developments in lead materials are currently figuring in 
modern processes. The uses of lead are varied, with per- 
haps the greatest use made in handling sulphuric acid. A 
lead sulphate film formed on the lead is responsible for 
this corrosion resistance, but care should be exercised 
when lead is in close proximity to other metals, since the 
lead sulphate skin is cathodic to what are normally con- 
sidered noble metals. Considerable lead equipment is 
utilized in the production of ammonia, of sulphuric, 
nitric, and phosphoric acids, and of nitrates, phosphates, 
and sulphates of ammonia. 

Atomic-energy establishments have long appreciated 
the high absorption capacity of lead for B and y rays. By 
virtue of its relatively high atomic number, lead is an 
excellent shielding material in X-ray work. Together 
with tungsten, lead is perhaps the most popular metal 
used for radiation shields, and a large proportion of 
portable isotope carriers used in site radiography is 
made of lead. 

Lead welding, sometimes referred to as ** lead burn- 
ing ’’, fuses the joint together, the temperature of opera- 
tion being considerably below that of conventional weld- 
ing practices. No flux is used, but in certain instances 
there is a need to reinforce the joint by addition of further 
lead to one and a half times the thickness of the material 
being joined. 


OTHER MATERIALS 


It is impossible in the scope of this article to embrace 
fully all materials used in chemical, ancillary, and other 
plants. However, it is worthwhile recording that, of the 
newer metals used, i.e., titanium, zirconium, tantalum, 
and even precious metals such as platinum and silver, 
thoughtful considerations of suitable applications have 
given birth to possibly an additional range of materials. 
Not unnaturally, all these metals are expensive, and 
fabrication problems are still something of a headache. 
Unfortunately, welding practices are somewhat limited 
for these alloys, and it may well be that soldering and 
brazing will be complementary to welding as a means of 
joining these metals. With its high strength-to-weight 
ratio and excellent corrosion resistance, titanium is 
especially useful as a fabrication material. 

To overcome the expense of using some of these rarer 
metals, it may well be that they will find employment in 
the clad form. Some problems in the fabrication and 
welding of such metals are fairly obvious ; nevertheless, 
substantial progress has been made in producing commer- 
cial articles with respect to lined and other vessels. 

In conclusion, it should be made quite clear that re- 
sistance to corrosion alone is not an adequate criterion 
for the selection of a material. Installation costs, plant 
shut-downs, and maintenance repairs should be borne in 
mind, and on some occasions resistance to corrosion 
must be sacrificed in order to obtain the minimum re- 
quirements for fabrication. For plant equipment required 
for duties in the chemical, atomic-energy, and petroleum 
industries, the quality of the end product is related to the 
operational control from the inception of the contract to 
the final vessel. 
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Plastic Ball and Roller Bearings 


By J. E. MONTALBANO. (From Machine Design, Vol. 30, No. 16, August 7, 1958, pp. 96-99, 8 illustrations.) 


REDUCTION in noise level during operation and excel- 
lent corrosion resistance of plastic bearing components 
are a few of the benefits directly attributable to inherent 
characteristics of plastic materials. A combination of 
steel balls and plastic races is used in household appli- 
ances, automobiles, business machines, and in other 
applications where quiet operation is desirable. Grease 
and dirt have adverse effects on steel balls, but do not 
impair the performance of plastic balls in steel races. 

An example of an early application of plastic balls 
with high load-carrying capacity is the main azimuth 
bearing for the cupola of an American army tank. 
Evaluation of all-steel bearings during development of 
the cupola showed that grit, deposited in the bearing 
during normal field operation of the tank, caused an 
increase in friction torque, brinelling, and maintenance 
difficulties. Designing the azimuth bearing with plastic 
balls in steel races resulted in decreased weight and cost 
of the bearing assembly, and in trouble-free operation. 

The specification of plastic bearings for applications 
such as that mentioned above reduces tolerance require- 
ments considerably for both the balls and bearing races. 
Normally, steel balls require tolerances of approximately 
+0-0001 in., whereas plastic load-carrying balls require 
+0-0005 in., and idler, or separator, balls require only 
+0-001 in. The natural resiliency of plastic balls allows 
relaxed tolerances on steel races, which do not require 
additional surface hardening and do not need to be 
lapped and polished. However, some of the more highly 
loaded bearings having steel races and plastic bearing 
balls generally require heat treatment of the races. 

Because plastic balls remain unaffected by dirt and 
grit and are impervious to corrosion, bearing sealing 
problems are much simplified. For rotational speeds 
under a 500-fpm pitch-line velocity, no lubrication is 
necessary. At higher rotational speeds, lubricants are 
used primarily as coolants. 


BEARING MATERIALS 


Application of plastic bearing components appear 
to be limited only by the number of available plastic 
materials and the inherent properties of each. Phenolic 
materials, cast into rods, cut, and centerless-ground to a 
tolerance of +0-005 in. on the diameter, proved adequate 
for the balls of the azimuth bearing already mentioned. 
After post-curing, a final grinding operation removed the 
hard surface and reduced the tolerance to +0-0005 in. 
Post-curing is often erratic, however, and removal of the 
hard surface by finish-grinding may cause the load- 
carrying ability of the balls to vary by 100 to 200°,. 

Cast-phenolic load-carrying balls, 0-406 in. in dia- 
meter, withstand a 200-lb load between flat plates before 
permanent set takes place. Ultimate failing values for 
these balls may range from 425 to 1000 Ib, depending on 
post-curing operations. Adequate quality control will 
ensure an average failing load of at least 750 Ib. 

More than one hundred plastic materials were 
evaluated to determine their suitability for bearing com- 
ponents. The materials, tested with a variety of fillers, in- 
cluded urea, melamine, phenolic, and alkyd moulding 
compounds, and phenolic and epoxy casting compounds. 
A comparison of the eight most promising materials 
showed that unfilled compounds are superior to filled 
compounds for virtually all evaluation tests. Unfilled 
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resin compounds show better resistance to water ab- 
sorption and chemical attack than filled compounds. 
Fig. 1 shows typical deflection curves for melamine balls 
and Fig. 2 for plastic rollers of different diameters. These 
curves are based on test results and, in all cases, the ball 
or roller was loaded between flat hardened-steel plates. 
Unfilled phenolic moulding compounds require an 
extremely long curing cycle (15 min for balls of 4-in. 
diameter) and are not at present suitable for quantity 
production. Unfilled melamine compounds do not re- 
quire such a long curing cycle, but present problems with 
entrapment of gases during moulding. The use of pre- 
forms and high-frequency preheating has. however, solved 
this problem to some extent. To achieve consistent 
uniformity in production quantities of unfilled melamine 
balls, rigid quality-control procedures must be followed 
Curing cycles must be controlled to prevent shrinkage 
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cracks during finish-grinding. The use of alpha-cellulose- 
filled melamine moulding compounds overcomes these 
difficulties with very little sacrifice in overall performance. 
Ar increase of approximately 40 to 50%, in the failing- 
load value of plastic bearing balls can be achieved by 
incorporating curved grooves in the bearing races. This 
increase, however, is not as great as that attained with 
steel balls in curved grooves. Relatively shallow grooves 
are recommended because of the increased deflection 
characteristic with plastic balls. Failing-load values for 

plastic bearing-balls are shown in Fig. 3. 


APPLICATIONS AND LIMITATIONS 
So far, plastic bearings have proved most useful in 







relatively low-speed applications, i.e., 15 rpm or 500- 
fpm pitch-line velocity. Recently, however, a 2-in. dia- 
meter plastic wheel bearing was developed which operates 
successfully at rotational speeds up to 1250 rpm. Lubri- 
cation is required only for heat dissipation. Also, excel- 
lent results were obtained with all-plastic bearings opera- 
ting at 1250 rpm completely submerged in salt water. 

In addition to their application in the main azimuth 
bearing for the cupola of a tank, I-in. plastic balls, 
instead of steel balls, are used in the main-turret bearing 
assembly of another American light tank. This bearing, 
approximately 90 in. in diameter, supports the weight of 
the main-turret and machine-gun cupolas, absorbing all 
gun-recoil forces and accelerations imposed during high- 
speed travel over all types of terrain. 

Additional design data are still required before the 
full potential of plastic bearings is realized. Relation of 
load-carrying capacity to rotational speed, life expect- 
ancy, and lubrication and heat-transfer characteristics 
must yet be determined. However, plastic bearings are 
being considered for applications in which corrosion, 
magnetic interference, and sparking cannot be tolerated. 

Although plastic bearings exhibit excellent resistance 
to shock and impact loads and have proved satisfactory 
in particular applications, certain factors limit their 
acceptance on a large scale. All-plastic bearings are not 
mass-produced at the present time. Those that are avail- 
able are larger than comparable steel bearings and require 
more space for given load conditions. Applications are 
limited to low speeds and to moderate temperatures of 
—65 to + 300°F. The maximum diameter of the lami- 
nated tubing from which bearing races are machined is 
limited at present to 36 in. 


A Piezo-Electric Method of Measuring Surface Roughness 
By I. V. DuNIN-BARKOVSKyYI. (From Vestnik Mashinostroyeniya, Vol. 38, No. 7, July 1958, pp. 61-62, 4 illustrations.) 


THE instrument described in this article was developed at 
the Moscow Institute of Aviation Technology in connec- 
tion with problems arising in the measurement of surface 
roughness on relatively soft light-alloy components, par- 
ticularly inside deep holes of small diameter. 

The advantages of the p:ezo-electric profilometer over 
other types are (1) the output is independent of traversing 
speed, so that the latter can be adjusted to suit the average 
pitch of surface irregularities, and (2) the contact pressure 
is low. This combination of low speed and low contact 
pressure means that the profilometer can be used on sur- 
faces of much lower hardness than has hitherto been 
possible, without leaving a visible trace. Also, the small 
size of the stylus head used permits its insertion into holes 
as small as 37 mm in diameter, at depths up to 300 mm. 

The piezo-electric element consists of two plates of 
barium metatitanate, 40 x 8 x 0:35 mm, cemented to- 
gether. This material was chosen because it is not sensi- 
tive to variations in atmospheric temperature and humi- 
dity, although its output is less than, say, Rochelle salt. 
Fig. 1 shows the general arrangement of the stylus head. 
The stylus (1) consists of a sapphire cone, with an apex 
angle of 90 deg. and a tip radius of 10 microns, in a light- 
alloy mount rigidly fixed to the free end of the piezo- 
electric element (2). At each end of the stylus, and fixed 
to the main body, is a spring-loaded skid (3), which can 
be adjusted by means of a wedge (4). The wedge is ad- 
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justed in an axial direction by a micrometer screw (5), 
one scale division on the micrometer thimble (6) giving 
an adjustment of about 2 microns. 

The stylus head is moved backwards and forwards 
over the test surface by means of a drive unit attached to 
an arm (7), the length of the path being 5 mm and the 
speed adjustable between 1:5 and 3 mm/sec. The skids 
travel over the peaks, providing a datum level, and the 
stylus follows the surface irregularities. Thus, the stylus 
oscillates vertically, deforming the piezo-electric element 
and producing an oscillating voltage at its terminals. 
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Fig. 1. Arrangement of the stvlus head of the new piezo-electric 


profilometer. 

These signals are fed to the input of a unit comprising 
amplifier and detector circuits and a dial indicator. The 
amplification factor is 4000 and is constant over a range 
of 10 to 1500 cps. The output can also be fed to a cathode- 
ray oscilloscope for visual observation of the profile. 
Normally, the dial-indicator scale is calibrated in pro- 
portion to the square of the output current, thus giving 
readings in terms of the r.m.s. value of surface irregu- 
larities. 
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ELECTROLYTIC polishing is being applied to an ever- 
increasing extent as a method of preparation in metal 
microscopy, and, within the framework of its applica- 
tions, has a number of advantages compared with the 
mechanical polishing of metal specimens. Thus, a metal 
section can be polished considerably more rapidly and, 
as distinct from mechanical polishing techniques, the 
Structure of the metal does not become smeared with a 
shattered surface layer. Structural etching can be carried 
out on electrolytically polished specimens in the same 
process as polishing in an incomparably shorter time, as 
the shattered surface layer need not be previously re- 
moved. 











Fig. |. Sch tic arr of the new Zeiss combined electrolytic 


polisher and microscope. 





(1) Direct-illumination microscope. 

(2) Objective-lens system 

(3) Cathode. 

(4) Window of cathode. 

(5) Metal specimen. 

(6) Specimen mounting 

(7) Container with electrolyte. 

(8) Pump and motor 

Electrolytic polishing, which is based on the principle 

of dissolving the surface of the metal by the action of an 
electric current, therefore has its advantages. However, 
this dissolution must be effected in a certain manner and, 
although electrolytic polishing and etching effects can 
be produced within a wide range of electrical conditions, 
the quality of the polished or etched surface depends to a 
great extent on the applied terminal voltage and on current 
density, and the electrical conditions required for a par- 
ticular quality of surface are in their turn determined by 
a number of factors, e.g., the type and condition of the 
specimen to be treated, the composition of the electrolyte, 
the resistances in the complete circuit, and the size, shape, 
and position of the electrodes. Also, the movement of 
the electrolyte exercises a decisive effect in this respect. 
At times, the influence of these various factors can only 
be comprehended with difficulty or not at all, so that the 
prevailing conditions can hardly be made reproducible. 
Even with simple instruments, it ** thus possible only 
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A Combined Electrolytic Polisher and Microscope 


By F. RUMMELE* 


after a thorough study of electrolytic polishing and etch- 
ing to obtain useful polished or etched metal specimens. 
Some instruments have therefore been developed with a 
view to keeping a number of the decisive factors constant 
by means of suitable control equipment, e.g., the size of 
the surface to be treated and of the cathode, as well as 
the shape and position of the electrodes, while certain 
measures have also been adopted with regard to the move- 
ment of the electrolyte. In this way, experienced labora 
tory assistants can usually prepare specimens which are 
Suitable for routine investigation of the metal structure 
when conditions are defined regarding the electrical data 
for the instrument, the period of processing for the given 
specimen, the amount of preliminary grinding carried 
out, and the electrolyte. 

Recently an instrument has been developed by Zeiss, 
combining an electrolytic polisher with a direct-illumina- 
tion microscope in such a way that the surface of the 
specimen can continuously be observed and even photo- 
graphed during the course of the treatment of the metal 
specimen. By means of this instrument, the specimen can 
be judged by the metallographer in a single process while 
polishing and etching are carried out, without having to 
subject the specimen to an intermediate treatment for the 
purpose of microscopic investigation. In the majority of 
Series investigations in materials testing, this may easily 
result in a great saving in time, as it makes it possible, 
during the treatment of the specimen, to appreciate im- 
mediately the influence of the given electrical data, the 
processing period, the speed of flow of the electrolyte 
etc. on the surface condition. Thus, treatment of the 
specimen can be proceeded with and interrupted the 
moment the surface has attained the requisite finish 


oe _ 


a) 





a 7 oe 


Fig. 2. Combined electrolytic polisher and microscope and corresponding 
power pack 
The design of the new electrolytic polishing instru 
ment is shown schematically in Fig. |. The metal speci- 
men is held against a non-conducting diaphragm with a 
circular aperture of 6 mm diameter, and the specimen is 
observed from above through the electrolyte. The objec 
tive is protected by a cover, serving at the same time as a 
cathode, the lower opening of which is closed by a plane 
parallel glass plate. The shape of the cathode, in con 
junction with the correspondingly shaped diaphragm 
ensures that a laminar flow of electrolyte is produced over 
the metal specimen, as is required for any good polishing 


* Laboratory for Raw Materials and Surface Problems, Carl Zeie 
Jena 
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Fig. 3. Surface of a brass specimen during successive stages of electro- Fig. 4. Surface of a tin specimen during successive stages of electro- 
lytic polishing and etching. < 200) lytic polishing and etching. ( 


480 THE ENGINEERS’ DIGEST 

















| 
i 
i 








effect. This shaping also results in the treated specimen 
assuming under the influence of the existing electric field 
a condition which is as uniform as possible all over. 
Spare electrolyte is in a container at the back of the instru- 
ment, and, by means of a pump, circulates at an adjustable 
flow speed through the electrolytic cell. Observation of 
the metal surface can be carried out up to a magnification 
of x 200 in a bright field and also by polarized light. The 
microscope is a standard direct-illumination Zeiss instru- 
ment which can at any time be used with a stand for other 
microscopic azimuthal observations. Also, photomicro- 
graphs of the metal surface can be made during observa- 
tion by connecting an attachment camera. 

A separate mains-operated power pack supplies the 
instrument with current and permits the selection of direct 
current in the electrolytic cell continuously within the 
ranges 0 to 15 V and 0 to 60 V. The transformer, rectifier, 
and device for smoothing the rectified current of the in- 
strument provide for currents up to 1 A, making it pos- 
sible to work with anodic current densities up to about 
4 A/cm?. The electrical data at any given moment can be 
read on a voltmeter, set for the ranges 0 to 15 V and 0 to 
60 V, and on an ammeter with ranges of 0 to 0-1 A, 0 to 
0:5 A, and 0 to 1 A. The power pack also supplies the 
pump motor with the required direct current, and the 
voltage applied to the motor can be adjusted as required 
from 0 to 24 V and can be read on a voltmeter. The com- 
plete unit, comprising the power pack and the combined 
electrolytic polisher and microscope, is shown in Fig. 2. 

A number of other devices are incorporated for safe 
and reliable use of the instrument. Thus, the mounting 
for the specimens is designed in such a way that any shape 
up to 100 mm in diameter and 30 mm in height can be 
fixed. With smaller diameters of, say, 20 mm, specimens 
of up to 100 mm in length can be attached. With regard 
to the shape of the specimen, all that is required is to have 
at least one circular plane area of approximately 8 mm 
diameter. The head of the mounting is provided with 
springs, which permit the removal of the specimen with- 
out loosening the set-screws, or, if another part of the 
surface of the specimen is to be treated, shifting it accord- 
ingly. By closing the space occupied by the specimen 
with a double-flap door, it is impossible to touch the live 
anode, as the circuit is interrupted when the door is 
opened. The cathode, which is accessible, is earthed. In 
addition, a switch at the foot of the instrument is provi- 
ded for the immediate interruption of the circuit of the 
electrolytic cell. A push-button within easy reach of this 
switch makes it possible to turn on the current for a short 
time—a useful feature for obtaining a certain degree of 
etching at any set voltage at the terminals. Close to this 
Switch is positioned the switch for the circuit of the pump 
motor. A tap in the cover plate of the instrument enables 
the draining speed of the electrolyte from the electrolytic 
cell to be adjusted. The cathode can be removed for 
cleaning by loosening a set-screw, and a stop prevents the 
window of the cathode from being damaged by the objec- 
tive-lens system of the microscope. The door leading to 
the electrolyte container can be opened only when the 
pump has been tilted away from the electrolyte container 
by means of a lever. To obviate endangering the plastic 
pump by running dry, the electrical circuit for the pump 
motor cannot be closed unless the pump is tilted into the 
electrolyte. In all other respects, the instrument, with its 
largely corrosion-proof design, meets the rigorous de- 
mands placed on this type of apparatus. 

An example of the work performed by the new instru- 
ment is illustrated in Fig. 3, which shows photomicro- 
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graphs taken during the electrolytic polishing and etch- 
ing of a brass specimen, which had originally been rough- 
ground with abrasive paper, the corresponding surface 
being shown in Fig. 3a. All photomicrographs are of the 
Same spot on the specimen during treatment. After set- 
ting the speed of flow for the electrolyte, the terminal 
voltage is gradually increased from zero, resulting in a 
change in the surface of the specimen. The surface, with 
its grooves, is gradually and quite evenly coated with a 
brown layer of ever-increasing density. Finally, the layer 
becomes more transparent, breaking suddenly open and 
floating off in larger or smaller fragments. Underneath 
this layer a bright surface becomes visible (Fig. 3b), 
which, however, still shows some grooves. With a further 
voltage increase the smoothing process commences, until 
after a short time the surface is polished. 

When increasing the voltage still further, gas bubbles 
form, causing the destruction of the polished surface. An 
increase in voltage up to this stage must be avoided, but, 
should it occur, the voltage is reduced until no more gas 
is generated and the polishing action becomes once again 
effective. If the voltage is reduced still more, grain boun- 
daries become apparent (Fig. 3c). A further slight reduc- 
tion in voltage results in a grain surface ttching which 
soon leads to the entire surface being covered with the 
brown layer, but, by increasing the voltage, this layer is 
again removed, as described above. Underneath the 
floated-off coating the profile of the structure produced 
is clearly visible, this being removed only some time later 
by the effect of polishing (Fig. 3d). 

To prevent an over-etched surface subsequent to 
polishing, the voltage is greatly reduced and then gradu- 
ally increased until the exact degree of etching required 
is obtained. Also, with a higher voltage, the required 
degree of etching can be attained when, after switching 
off the electrolytic circuit, the push-button is depressed 
until the increasingly strong etching corresponds with 
the required surface condition. 

A second example, illustrated in Fig. 4, shows the 
electrolytic polishing and etching of a tin specimen, the 
surface areas of which were transformed by a preceding 
grinding process, the initial state of the surface of the 
specimen being shown in Fig. 4a. In this case, after 
gradually increasing the terminal voltage, a dark top 
layer is also formed and covers the entire specimen. At 
somewhat higher voltages this top layer dissolves, reveal 
ing a bright surface still crossed by grinding grooves, 
(Fig. 4b). At a higher voltage these grooves are rounded 
off, and soon a polished metal surface is obtained. The 
structure of the metal surface layer becomes discernible 
almost immediately by reducing the voltage, and is the 
Structure of a destroyed, re-crystallized surface layer, as 
can easily be recognized by increasing the voltage and 
penetrating further into the metal specimen by clectro- 
lytic polishing, meanwhile rendering the structure visible 
by reducing the voltage for a short time, until the result 
shown in Fig. 4c is obtained. The shattered, re-crystal 
lized surface layer is removed to an increasing extent 
until finally the coarse crystalline structure is revealed 
corresponding to the actual structure of the cast tin 
From then on, further treatment no longer alters the 
structure of the metal, as shown in Fig. 4d 

These examples show how systematic work can be 
carried out with the new instrument, which makes it pos 
sible to attain an optimum surface by means of the elec 
trolytes listed in the technical literature for the respective 
metals and, at the same time, to carry oul microscopic 
observation in the course of the treatment 
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A New Method of “Rivet Welding’’, using Coated Electrodes 


By A. YA. Bropskyi. (From Svarechnoye Proizvodstvo, No. 10, 1958, pp. 18-21, 8 illustrations.) 


THE welding of steel lattice structures, such as trusses, 
girders, and power-line pylons, which have hitherto 
normally been fabricated by manual welding, can be 
mechanized by means of the so-called * rivet-welding ” 
process. Experience with this process shows, however, 
that, if the top plate is more than 3 mm in thickness, a 
hole must first be drilled in the plate, and such holes give 
rise to a characteristic defect, i.e., insufficient annular 
penetration. Asa result, these holes must first be counter- 
sunk, and the additional preparation involved detracts 
from the efficiency of the process as a whole. 

To overcome these disadvantages of the original rivet- 
welding process, which uses an uncoated electrode and 
a submerged-arc type of flux, a new and improved 
method, using a coated electrode, has been developed in 
Russia, by means of which, when the arc is struck, it 
commences to fuse a hole in the workpiece (Fig. 1a), 
thereby eliminating all drilling operations completely. 
An enclosed space is formed, bounded laterally by the 
coating of the electrode, above by the electrode tip, and 
below by the molten base of the hole. The stream of 
incandescent ionized gases, evolved as the electrode and 
its coating melt, builds up a pressure inside this space, 
and the molten metal from the workpiece and electrode 
flows around the rim of the coating and out over the 
surface of the workpiece. In this way, a seal is created 
around the electrode (Figs. 1b and Ic), ensuring the 
maintenance of pressure inside the hole. Consequently, 
an ever-increasing depth of metal is exposed to the direct 
fusing action of the arc. Because of this and the high heat 
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concentration in the arc, thick material can be fused or 
pierced very rapidly and with comparatively low currents. 

When the electrode has reached the required depth of 
penetration, the equipment is so designed that the arc 
length gradually increases, and the pressure of hot ionized 
gases in the hole therefore drops. The flow of molten 
metal gradually ceases, and a pool of molten metal forms 
under the electrode, so that the arc now burns between 
the electrode tip and the surface of the molten pool 
(Fig. 1d), imparting to the latter, heat which is transferred 
to the walls of the hole. The arc continues to burn until 
the entire hole formed by the fusing stage is refilled with 
metal. 

Details of the new methods are shown schematically 
in Fig. 2, in which the coated electrode (1) is clamped to 
the end of a rod (2) and rests on the workpiece (3), con- 
tact pressure being increased by means of a weight (4) 
on top of the rod. Current is supplied via a conventional 
1000-A welding transformer, means being included in the 
circuit to provide high-frequency arc ignition. The high 
frequency is switched off automatically by an electronic 
timer after 1-5 to 2 sec, and a choke is included in the 
circuit to prevent the winding insulation of the trans- 
former from being perforated by high-frequency sparks. 

On reaching the required depth of penetration, a 
control ring (6) contacts a bracket (7), impeding further 
downward motion of the electrode. As a result, the arc 
length gradually increases, as already mentioned. When 
the arc reaches the workpiece surface, the metal pre- 
viously exuded is remelted, forming the rivet reinforce- 
ment in the copper ring mould (5), the height of which 
determines the extinction length of the arc and the amount 
of reinforcement deposited. 

Thus, the process takes place in two stages, i.e., fusing 
or piercing and refilling, and these stages follow each 
other automatically, in accordance with preset conditions. 
The main parameters of the process are electrode type 
and size, current setting, electrode consumption (con- 
trolled by the position of ring (6)), axial load on the 
electrode, and the size of the copper ring mould (5). 

Using these coated electrodes, it has been found 
possible to produce rivet welds which are free from cavities 
and porosity. It should be noted that acid-type coated 
electrodes have been found unsuitable, as they cause large 
shrinkage cavities in the rivets. 
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Fig. 3. Diameter of the hole produced as a function of electrode diameter. 

With an increase in the diameter of the electrode, the 
diameter of the hole, which determines the strength of 
the rivet, also increases, rapidly at first and then more 
slowly, as shown in Fig. 3. With an increase in short- 
circuit current, the depth of penetration A increases 
(Fig. 4b), while the diameter 6 of the hole remains vir- 
tually constant (Fig. 4a). Thus, the form factor (b/A) 
decreases with increasing short-circuit current (Fig. 4c). 
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Fig. 4. Influence of short-circuit current on (a) hole diameter b, (b) hole 
depth 4, and (c) form factor (b/h), for different electrode consumptions, 
using an electrode of 6 mm diameter and an axial load of about 6 ke. 


(1) Electrode consumption 20 mm. 
(2) Electrode consumption = 25 mm. 
(3) Electrode consumption 30 mm. 


The duration of the process varies with current and 
also depends on electrode consumption. With a small 
consumption (e.g., 20 mm), the time decreases slightly 

_ with increasing current, while, with a large consumption 
(e.g., 35 to 45 mm) an increase in current leads to a more 
marked reduction in the time taken. 

The electrode consumption is related to the depth of 
penetration ; the axial load also has a considerable 


effect at relatively low current settings, but less at higher 
currents. Thus, for example, with a current of 550 A, 
an electrode diameter of 6 mm, and a consumption of 
45 mm, an increase in the axial load from 5:8 to 65 kg 
more than doubles the depth of penetration. At a current 
of 800 A, the same change in load (with an electrode 
consumption of 35 mm) causes a relatively small change 
in depth of penetration. Specific consumption, i.e., the 
weight consumed per unit of depth penetration, decreases 
more rapidly with increasing current setting than with 
increasing electrode consumption in terms of length 
The current should therefore be set as high as possible 
with respect to the stability of the electrode and its 
coating. 

To determine the strength of the rivets produced, an 
8 x 8 » 80 mm. mild-steel angle and a 10 « 150 mm 
mild-steel plate were welded together by the new pro- 
cess, using an electrode of 5 mm diameter, an electrode 
consumption of 25 mm, a load of 6 kg, and a welding 
current of 850 A. The strength of each rivet produced was 
found to be about 4 tons. Similar welds were made 
between testpieces consisting of three plates of mild 
steel, each 12 mm in thickness, using electrodes of 6 mm 
diameter, an electrode consumption of 95 mm, and a 
welding current of 850 A. These welds were found to be 
much stronger than those on the unsymmetrical angle 
joints, the average breaking load being 12 tons, the welds 
in each case failing in shear. The new welding process is, 
however, capable of joining stacks of even more than 
three components. 

At the moment, further investigations are in progress 
regarding the method itself and also in connection with 
the development of suitable equipment for industrial 
use. 


U.S.A. 





Erosion Damage to Solids by High-Speed 
Collision with Raindrops 


By O. G. ENGEL. 


(From Journal of Research of the National Bureau of Standards, Vol. 61, No. 1, July 1958 


pp. 47-52, 10 illustrations.) 


Tue problem of the erosion damage produced on objects 
flying at high speed into rain has become increasingly 
more serious as flight velocities have been increased, and 
considerable research has been carried out during the 
past ten years to find materials capable of resisting the 
stresses arising from high-speed collision with rain and to 
determine the mechanism of the erosion process. 

In a previous publication*, the author has presented 
three factors which are important in analysing the damage 
produced by the collision of high-speed drops of water 
with methyl methacrylate. These factors are as follows : 

(1) The drop of water behaves like a hard sphere or 
pellet in that it produces a cup-shaped cavity in the 
plastic. 

(2) Although materials do not usually fail under 
uniform compression, a local compression can 
produce tensile stresses which result in failure. 

(3) In the case of projectiles which flow as a result 
of the collision, the solid plastic can be damaged 
by the stresses exerted by the flowing projectile 
against surface irregularities which are restrained 
by the underlying layers of material. 

Further evidence of the behaviour of water under 
impact conditions was obtained in a study of the damage 
marks left by steel spheres, deforming lead pellets, and 
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waterdrops as a result of high-speed collision with soft 
1100 aluminium sheet. Fig. la shows an example of a 
damage mark made by a #-in. diameter steel sphere on 
-in. 1100-H14 aluminium sheet. This particular damage 
mark was obtained at a relative impingement velocity of 
228 fps. The diameter of this damage mark, as measured 
directly on the aluminium plate with a steel rule and 
magnifying glass, is about 4 in., which 1s considerably 
less than the diameter of the steel sphere. Fig. Ib shows 
an example of a damage mark made by a 0:22-in. diameter 
deforming lead pellet on j-in. 1100-H14 aluminium 
sheet. This particular damage mark was obtained at a 
relative impingement velocity of 609 fps 

At a collision velocity of 880 fps, waterdrop damage 
marks observed in 1100-O aluminium resemble the marb 
left in 1100-H14 aluminium by impingement of a de 
forming lead pellet at very low velocity. When a water 
drop collides with 1100 aluminium at about 2000 fps 
an impression is made which resembles that made by a 
low-velocity steel sphere more nearly than that made by a 
rel..tively low-velocity lead pellet (Fig. 1). These obsery 
at ons lead to the conclusion that, in the range of collision 
velocities up to about 1000 fps, a waterdrop behaves like a 
projectile that flows as a resu't of the collision but, at colli 
* 0. G. Enont, Jour. Research NBS, Vol. $4, 1955, page $1 








Fig. 1. Damage pits in 1100 aluminium formed by collisions with 
(a) a steel sphere at a velocity of 228 fps, and (b) a lead pellet 
; Xe at a velocity of 609 fps. ( « 4) ; 

sion velocities of the order of 2000 fps, it behaves very 
much like a projectile that does not flow as a result of the 
collision. 


DESTRUCTIVE ACTION OF THE RADIAL FLOW OF A WATER- 
DROP 


When a waterdrop collides with the planar surface 
of a solid, or when the planar surface of a solid runs into 
a Stationary waterdrop, the resulting impact pressure 
reaches a high value in a very short time. This high 
pressure drives the liquid which is close to the solid sur- 
face radially outwards around a central stagnation point. 
The radially flowing liquid exerts a shear stress on the 
surface of the solid over which it is running. There is a 
shear stress between the separate layers of the flowing 
liquid itself, and it can be expected that a shear stress 
exists at the interface between the liquid and a solid 
surface over which it is moving. The shear stress t 
between layers of liquid in laminar flow is given by the 
product of the viscosity y and the velocity gradient 
through the moving sheet of liquid perpendicular to 
its direction of flow. In other words, t = y(@v/dz), 
where v is the velocity of the moving sheet of liquid, and z 
is the direction through the thickness of the liquid sheet. 
The layer of liquid molecules in direct contact with the 
solid has zero velocity, but the velocity gradient is not 
zero, and the shear stress is applied to the solid. 







RADIAL FLOW 





BASE METAL 





Fig. 2. Schematic diagram of the stresses in a surface protrusion of a 
rubber coating as the result of the radial flow of an inpinging waterdrop. 

When a surface protrusion exists, the liquid from a 
drop flowing radially over it exerts forces against the 
protrusion acting in opposition to the cohesion of the 
protrusion to the underlying layers of material. The 
pressure o, in Fig. 2 is exerted against the protrusion 
by the flowing liquid. The pressure exerted by the liquid 
tends to move the protrusion along the planar surface of 
the solid and results in a shear stress t’ at the base of the 
protrusion. The flow of the liquid results in the shear 
stress t discussed above. The pressure exerted by the 
liquid also results in a turning moment which tends to 
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bend the protrusion over. The turning moment is the 
integrated cross product of the compressive force exerted 
by the liquid and the elevation of the protrusion above the 
planar surface of the solid at the point where the force is 
applied. As the protrusion bends, a tensile stress o; 
appears on the side of the protrusion against which the 
compressive force is applied, and a compressive stress oy’ 
appears on the opposite side of the protrusion. If the 
force exerted by the rapidly running liquid is sufficiently 
great, or if the protrusion has a sufficient elevation above 
the planar surface, failure may occur. Whether the pro- 
trusion is simply bent over, whether it is broken off, or 
whether part of the solid material below the surface is 
torn out with it depends on the strength of the material 
and on where failure occurs first. Likely points of failure 
are marked with notches in Fig. 2. 


RADIALLY FLOWING 
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Fig. 3. Schematic diagram of stresses in a rubber-like coating as a result 
of the collision and flow of a waterdrop. 


If a waterdrop impinges against the planar surface 
of a rubber-like material, the effect of the compressive 
stress o, in Fig. 3, which is the direct result of the 
collision, is to compress the solid material at the point 
of impingement. The local compression results in a 
dimple or cup-shaped cavity. Tensile stresses o, appear 
in the sides of the dimple and especially in the knee in the 
solid material at the rim of the dimple. If these tensile 
stresses are sufficiently great, tears may form in the 
surface layers of the solid material. The material which 
formerly occupied the volume that now forms the hollow 
of the dimple is displaced and is moved radially outwards 
and upwards around the dimple, resulting in a shear 
stress t’. The radial flow of the liquid of the drop imposes 
a radial tensile stress o,’ and a shear stress t. In the case 
of very thin rubbery coatings, it is possible that a portion 
of the shear stress t may be transmitted through the 
coating to the primer bonds, which hold the coating to 
the base metal, and that it may cause failure of the primer- 
to-rubber or of the primer-to-metal bond. However, the 
removal of a circle of rubber coating around the central 
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Fig. 4. Circular damage marks produced on an experimental neoprene 
coating in collision with waterdrops at a velocity of 880 fps. ( « 35) 
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Fig. 5. Circular damage marks produced on neoprene by collision with 
waterdrops at 2250 fps. 





Fig. 7. Circular damage marks produced on Tefion by collision with 
waterdrops at 2250 fps. 

point of the collision (stagnation point of the flow), as 
occurred in the case of a neoprene coating (Fig. 5), is 
not necessarily the result of transmission of this shear 
Stress through the coating. It is possible that a deep 
circular cut may form as a result of the tensile stress o, 
(Fig. 3) in the material at the rim of the dimple or cup- 
shaped cavity. If this cut extends through the coating, 
the radially flowing liquid may lift the coating with a 
wedge action and peel it off. 

The effect of the forces coming into play when the 
liquid of an impinging drop flows radially can be seen in 
the marks left when waterdrops fall into fine moist sand. 
To obtain a picture of such traces, slightly moistened 
sand of very fine mesh was gently pressed into a large 
Petri dish, and its surface was then levelled and lightly 
covered with carbon-black to as uniform a degree as 
possible. Waterdrops were allowed to fall from a flat- 
nosed pipette through a distance of approximately 40 ft 
to the surface of the carbon-covered sand. The waterdrop 
traces obtained showed clearly the existence of the 
stagnation point at the centre of the flow, where the radial 
flow velocity was zero; at this point the carbon was not 
washed from the surface of the sand. A circular trench 
about the stagnation point is the result of the forces that 
NOVEMBER, 
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Fig. 6. Circular damage mark produced on methyl methacrytate by 
collision with waterdrops at 2250 {ps. 


act as a consequence of the radial flow of the liquid. The 
relative collision velocity was about 25 fps 

Traces similar to those formed when waterdrops 
were allowed to fall into the Petri dish of carbon-covered 
sand were also found on a neoprene-coated specimen that 
was rotated on the Cornell Aeronautical Laboratory 
rain-crosion test apparatus at a velocity of 880 fps 
through an artificial rain of 1 inch per hour for 1:5 min 
(Fig. 4). The average coating thickness was 8 to 10 mils 
Because the surface was not completely covered with 
such damage marks, it seems likely that traces of this 
kind are not produced by the first waterdrop collision 
with the unfatigued neoprene coating. They are probably 
formed during a single collision, but only after the coating 
has suffered deterioration of some kind (possibly per- 
manent set) as a result of numerous radial stretch-and- 
recover cycles imposed by the radial flow of waterdrops 
which collided earlier, but which were not themselves 
able to produce the observable damage. 

Tests were conducted on a number of polymeric 
materials, including neoprene, methyl methacrylate, and 
Teflon, to determine the damage occasioned by collision 
of the material with waterdrops at a velocity of 2250 fps 
The damage marks produced are illustrated in Figs. 5, 6, 
and 7, the arrows indicating the circular waterdrop 
traces in each case. In the case of neoprene (Fig. 5), 
which in this test was a standard coating, the undamaged 
centres marking the stagnation point of the radial flow 
are very clear in the two traces at the left of the illus- 
tration. 

These illustrations show that the forces exerted by the 
radial flow of a waterdrop as a result of collision with the 
planar surface of a solid at a velocity of 2250 fps are a 
very effective cause of damage 


RESPONSE OF STRUCTURAL MATERIALS TO HiGn-Sprrep 
WATERDROP IMPINGEMENT 


The damaging properties of an impinging liquid 
drop, as considered in the preceding sections, are similar 
for drops of all liquids but vary in intensity, depending 
on the density of the liquid, on the relative collision 
velocity, and on the extent to which the solid material 
yields under the blow. If the characteristic properties 
of all structural materials were the same, the appearance 
of damage marks produced by the impingement of drops 
of a given liquid against all of them at some arbitrary 
velocity would also be the same ; there would be only 
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one type of damage and only one mechanism by which 
the damage is produced. Because the characteristic 
properties of structural materials are different, there are 
as many different damage processes as there are broad 
groups of material properties. A specific question posed 
at the time that the research programme on the mechan- 
ism of high-speed rain erosion was initiated was whether a 
soft rubbery material or a hard rigid material should be 
sought as a solution to the rain-erosion problem. These 
two extreme cases are considered below. 


Rubber-like Yield :— 


A material which behaves like rubber under the blow 
resulting from collision with a liquid drop has the advan- 
tage of being a pressure reducer for the blow. When the 
impact pressure is reduced, the velocity of the radial flow 
of the liquid of the drop, which is driven by the impact 
pressure, is also reduced. Because the radial flow velocity 
is reduced, the shear stress that it exerts, which decreases 
as the radial flow velocity decreases, is likewise reduced. 
The material is, however, depressed at the point where 
the liquid drop strikes, and radial tensile stresses appear 
in the sides of the cup-shaped depression, and around and 
especially over its rim as it forms. The surface layers of 
the material around the restricted area of contact between 
the drop and the surface of the solid are also stretched as 
a result of the rapid flow of liquid from the drop. A 
material of this kind need only have strength properties 
sufficient to withstand the mitigated stresses in order to 
remain undamaged on colliding with a liquid drop. 

An ir.crease in the indentation hardness of a rubber is 
commonly accompanied by a decrease in its elongation 
under a given stress and therefore by a decrease in its 
ability to mitigate the stresses imposed on it by high- 
speed collisions with a waterdrop. The indentation 
hardness associated with maximum resistance against 
waterdrop-impingement damage at an arbitrary collision 
velocity is that hardness above which the gain in strength 
often accompanying further hardening is unable to offset 
the loss in ability to mitigate the stresses imposed by 
collision with a waterdrop at the velocity in question. 
In terms of the rupture energy per unit volume, the 
optimum indentation hardness is that hardness above which 
the area under the stress-strain curve begins to decrease. 
Resistance of Hard Materials : 

All materials yieid to some extent under a co'lision 
blow. However, materials that do not display high 
elongation under a given stress as a result of collision 
with a liquid drop do not mitigate to a notable degree 
the stresses exerted by the colliding drop. To be erosion- 
resistant, materials of this class must be able to withstand 
the unmitigated stresses. Whether or not they can with- 
stand such stresses depends on whether they can 
absorb the energy of the collision before their yield or 
fracture strength is exceeded. If the relative collision 
velocity between the solid material and the liquid drop is 
increased without limit, all the known hard materials 
will be found to fail at the point where their yield or 
fracture strength is exceeded ; they will either yield with 
plastic flow or they will shatter. 

Methyl methacrylate is a practical, rigid-material 
solution to the rain-erosion problem for flight velocities 
up to 300 mph. When specimens of methyl methacrylate 
are rotated through a 1-iph simulated rain at a velocity of 
300 mph, initial pitting of the plastic occurs after 45 min. 
If, however, the velocity is increased to 400 mph, initial 
pitting occurs after 2 min. Test results show that poly- 


486 


styrene and the glass-cloth-reinforced polyester resins are 
less resistant to rain erosion than methyl methacrylate. 
The combined properties of rigidity and low strength 
eliminate these polymers as practical rain-erosion resist- 
ant materials at ordinary flight velocities. 

Metals undergo permanent plastic flow when their 
yield strength is exceeded. In the case of 1100-O alumin- 
ium, the depression in the surface caused by a single 
collision with a waterdrop at a velocity of 600 mph is 
barely perceptible. The pummelling action of repeated 
collisions produces, by plastic flow, a general unevenness 
of the surface. This unevenness appears to play a role 
in enhancing a delayed, drastic failure of the material. 
Moderately thin specimen plates of the soft and medium- 
hard metals undergo considerable plastic flow during a 
single collision with a waterdrop at velocities in the range 
of about 1000 to 2000 fps. 

The hard metals are known to afford a practical 
solution to the high-speed rain-erosion problem at 
moderately low impingement velocities. Incipient failure 
shows up only after hours of waterdrop impingement in 
the erosion test at a velocity of 500 mph in a 1-iph rain 
density. The failure of the hard metals in this range of 
impingement velocity cannot be explained in terms of the 
impact pressure produced by collision with a waterdrop. 
It appears to involve pressure-raiser defects, such as 
microscopic pits and pores on the surface of the specimen, 
or weak spots in the material at or close to the surface, or 
both. 

Of the materials tested for resistance against collision 
with waterdrops at high relative impingement velocities, 
the ceramics have been found to be among the most 
resistant. However, if the impingement velocity is in- 
creased without limit, these materials also shatter at the 
point where their fracture strength is exceeded. A prac- 
tical tensile strength of 30,000 psi can be expected from 
polycrystalline alumina. 


REQUIREMENTS FOR RAIN-EROSION RESISTANCE 

The question posed several years ago as to whether 
the solution to the high-speed rain-erosion problem should 
be sought among the soft rubbery materials or among 
the hard rigid materials can be answered in the following 
way. The material may be hard and rigid, or it may be 
soft and rubbery, and still have a high degree of rain- 
erosion resistance. If it is hard and rigid, it must have 
strength properties that will enable it to withstand, with- 
out fracture and without plastic flow, the maximum 
unmitigated stresses imposed by collision with a water- 
drop in the velocity range for which the material is being 
tested. If it is soft and rubbery, it need only have strength 
properties sufficient to withstand the mitigated stresses 
imposed by collision with the waterdrop. The velocity 
ceiling for the rubbery materials is the point at which 
they are no longer able to withstand the mitigated stresses. 

These remarks apply to the ability of a material to 
withstand a single waterdrop blow. Under actual flight 
conditions, successive blows on the same spot have a 
certain probability of being very closely spaced in time. 
Therefore, under flight conditions, a rain-erosion-resist- 
ant rubbery material must not only have strength pro- 
perties adequate to withstand the mitigated stresses but 
must also recover fast enough to be able to mitigate the 
stresses of an additional blow to the extent that they do 
not exceed its strength properties. To be a practical rain- 
erosion-resistant material the rubber must, furthermore, 
not lose its ability to mitigate the stresses through deteri- 
oration of any kind during its expected service life. 
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The Magnetic Properties of Thin Ferromagnetic Layers 
By H. Mayer. (From Metalloberflache, Vol. 12, No. 9, September 1958, pp. 257-262, 12 illustrations.) 
The ferromagnetic properties of thin layers show characteristic changes, increasing in intensity as the 


layer thickness decreases below a critical limit. 


Under certain conditions, the magnetism may vanish 


completely if the layer is thin enough. The phenomena are important for the theory of ferromagnetism 
and for technical applications of thin magnetic layers, e.g., in electronic computers. 


THE magnetism of three-dimensional polycrystalline 
ferromagnetic solids is explained by the assumption that 
within smail domains the spin of certain electrons in 
almost all atoms is orientated by interaction so as to 
have parailel moments. This leads to a resultant magnet- 
izing vector for each domain and, in the de-magnetized 
State, this vector would be zero, because the component 
vectors would have random orientation. These domains 
can be observed experimentally if a colloidal suspension 
of fine ferromagnetic particles is placed on the surface of 
such a ferromagnetic body. Because of the strong stray 
fields at the boundaries between domains, the powder 
particles are deposited preferentially at these boundaries. 
Observation under the electron microscope has shown 
that transition from the spin orientation of one domain 
to that of a neighbouring domain occurs over a distance 
of 10-* to 10-5 cm, so that the domains are separated by 
* walls ” of a certain thickness, e.g., 10-5 cm in the case 
of cobalt. 

A second, more advantageous method of observation 
uses the magneto-optic Kerr effect. If polarized light is 
reflected from a mirror surface of a ferromagnetic solid; 
its plane of polarization is rotated according to the 
position of the magnetizing vector. The difference in 
rotation on reflection from different domains can be 
changed into a difference in light intensity by the usual 
optical polarization methods and can thus be visually 
or photographically observed, or can be measured by a 
photocell. In thin layers, changes in the domains during 
magnetic changes can be followed cinematographically, 
and both surfaces of a layer can be observed under equal 
condit ons or even simultaneously. In very thin layers, 
the rotation of the plane of polarization can also be 
observed by transmitted plane-polarized light. 

The position of the magr.etizing vectors in the 
domains must satisfy the condition that the density of the 
free magnetic energy E has a minimum value. This energy 
is determined by four factors, i.e., (1) the ferromagnetic 
single crystal is anisotropic and has a preferential direc- 
tion of minimum magnetic energy (crystal-energy factor 
E-) which would be the d:rection of the vector if no other 
condition intervened ; (2) owing to the magnetostrictive 
effect, any tension or compression acting on the crystal 
gives a preferential direction to the spontaneous magnetiz- 
ation (stress-energy factor E,) ; (3) the magnetic energy 
of the domain in its own magnetic field is determined by 
the anisotropic shape of the domain (form-energy factor 
E;) ; and (4) the walls, where the directions of most spin 
vectors deviate from those of the adjoining domains 
influence the total energy (wall-energy factor Ey). The 
condition of minimum energy density, which determines 
the structure of the domains of a spontaneously magnet- 
ized ferromagnetic solid, is thus 


E = E, Ex Ey + Eu 


If an increasing external magnetic field is applied, the 
domain vectors of spontaneous magnetization obeying 
the above minimum condition are increasingly forced 
into the direction of the applied field, either by rotation 
of the vectors, without any change in the volume of the 
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single domains, or by a growth of those domains having 
their vectors already more or less in the direction of the 
applied field. The rotation process requires a much higher 
energy than the growth process, but its characteristic 
time constant is from 10 to 100 times smaller. Modern 
experimental techniques permit observation of domain 
growth by indicating the displacement of the walls 
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Fig. 1 The three possible 
arrangements of domains in 
thin mono-crystalline stress 

free magnetic layers 


Theoretical discussions are based on a simplified 
unicrystalline coherent ferromagnetic layer. When the 
layer thickness approaches that of the walls between 
domains, i.¢., 10-° cm (1000 A), it is obvious that any 
walls remaining in the layer must be more or less norma! 
to the plane of the layer. The remaining three possible 
Structures of domains in the simplified unicrystalline 
stress-free layer with only normal walls are shown in 
Fig. 1, and their estimated free magnetic energies in 
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Fig. 2. Free magnetization energy per unit of laver area as « function 
of layer thickness for the three arrangements shown in Vig. | 
Fig. 2. Above 3000 A thickness, structure I has the lowest 
energy, while at smaller thicknesses structure III is more 
favourable, where the whole layer forms a single domain 
with a magnetizing vector parallel to its surface and thus 
presents a completely magnetized permanent magnet 
with remarkable properties During transition from 
structure I or il to III, a subdivision by a few walls 
normal to the plane of the layer may still exist, but in all 
the domains and the walls the vectors can be expected to 
be parallel to the layer plane. If all three dimensions of a 
particle become very small, no walls can be expected to 
persist, so that magnetic changes are possible only by 
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rotation. Hence, thin layers, which often consist of such 
geometrically very anisotropic small particles, will 
require a very high coercive force for magnetic reversal. 

Investigations have shown that, even under practical 
conditions, in thin but polycrystalline and stressed ferro- 
magnetic Ni-Fe layers these conditions are largely ful- 
filled. The walls are, in fact, normal to the layer surfaces, 
the walls of the lower surface appearing as mirror images 
of those of the upper face. Moreover, the magnetizing 
vectors of the domains are in the plane of the layer and 
“* anti-parallel” in adjacent domains, i.e., the walls are 
so-called 180-deg. walls. On the other hand, an evapor- 
ated Mn-Bi layer of 1000 A thickness has produced the 
structure II in Fig. 1, with vectors perpendicular to the 
layer surface, probably because of the particular hex- 
agonal lattice arrangement. Observations of the stages 
in the reversal of magnetization due to a field applied 
parallel to the preferential vector direction in the plane 
of a cobalt layer have shown that dark reversed domains 
initiate at points of disturbances at the edges or at dis- 
turbing inclusions inside the layer, and expand in a 
dagger-like manner until finally the layer again forms 
almost a single domain with reversed magnetization. 

These results with polycrystalline layers have been 
confirmed by experiments with single-crystal layers pro- 
duced in thicknesses up to 1500 A by evaporation from 
electrically heated iron foil. 

In a magnetizing or reversing field parallel to the 
preferential vector direction, a single domain must have a 
rectangular hysteresis loop, because an applied decreasing 
field cannot change the preferential position of a parallel 
vector ; consequently, neither can it change the magnetic 
saturation value determined by this vector. Only after 
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Fig. 3. Summary of experimental results by various investigators of the 
relative saturation magnetization of thin nickel layers as a function of 
layer thickness. 
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field reversal and attainment of a value corresponding 
to the coercive force can the magnetizing vector have an 
opposite direction. This condition is obtained in practice 
on Ni-Fe and Nisingle- 
crystal layers. 
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The reversal may proceed by domain growth, as 
shown directly by the Kerr method, but also by vector 
rotation, as shown by the appearance of a strong magnet- 
izing component at right angles to the preferential 
direction in the layer plane. Since rotation takes less time 
than domain growth, resonance and pulse methods have 
been applied to clarify the problem. The results appear 
to indicate rotation, but are still inconclusive. A solution 
could be important in the case of electronic computers 
where speed is essential. 
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Fig. 6. The coercive force of iron layers evaporated on glass (open test - 
points) and on NaCl carriers (solid test-points) as a function of 
layer thickness for various carrier temperatures. 

Since interaction between atoms produces parallel 
spin for spontaneous magnetization, a layer thickness too 
small for interaction between a sufficient number of atoms 
must reduce the magnetization to zero, i.e., the ferro- 
magnetism must disappear or change to the paramagnet- 
ism of the single atoms. Experimental results on nickel 
and iron layers confirm theoretical expectations, as 
shown, for instance, in Fig. 3, where relative saturation 
magnetization, referred to the mass of the body, first 
decreases slowly for thicknesses below 250 A (about 100 
atomic distances), then drops more rapidly below 100 A 
(40 atomic distances), and finally reaches zero for layers 
of about 4 to 5 atomic distances. 

Theoretically, ferromagnetism can be interpreted in 
terms of wave mechanics as a consequence of interaction 
between atoms, and, if these considerations are applied 
to layers, the diagram shown in Fig. 4 can be obtained, in 
which each curve gives for various numbers of atomic 
layers the ratio of the spontaneous magnetization to that 
of the mass of the body, as a function of the ratio of the 
temperature to the Curie point of the material. It can be 
seen that, for a thickness below about 70 atomic distances, 
spontaneous magnetization decreases rapidly with layer 
thickness for a given value of temperature. On the 
other hand, this theory indicates that even biatomic or 
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monatomic layers can be ferromagnetic at a sufficiently 
low temperature ; however, no experimental evidence is 
as yet available. 

Fig. 4 also shows that the Curie point of a layer 
depends on its thickness. For layers a few atoms thick it 
may be at room temperature or even below (Fig. 5). 

If the layer is so thin that walls can no longer be 
formed and reversal must be caused by vector rotation, 
coercive force must rise, especially if the geometrical 
anisotropy is pronounced, because the vector is forced 
to turn from its preferred direction through directions of 


more difficult magnetization into the direction of the 
reversed field. Experimental evidence is shown in Fig. 6 
for iron layers, but is also available for nickel and cobalt 
layers. If the temperature of the carrier for the evapor- 
ated layer is sufficiently high for the order and crystalliz- 
ation processes required for domain growth in sufficiently 
thick layers to take place, then coercive force rises when 
the layer thickness drops below 500 A. On the other 
hand, for very thin layers below about 100 A, coercive 
force decreases again as a result of the decreasing extent 
of spontaneous magnetization, as, for instance, in Fig. 3 
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Scale-Free Heating of Metals in Lithium Atmospheres 


By F. NeupBerGer, L. ROTzZ, and L. MOCKEL. 


(From Monthly Technical Review, Vol. 2, No. 6, June 1958, 


pp. 150-154, 14 illustrations.) 


Tue hot forming of metallic materials is usually accom- 
panied by scale formation, the effects of which are well- 
known. Processes have been developed for the purpose 
of heating metals without appreciable scale formation. 
These processes are, however, practically never used in 
normal forging shops, chiefly owing to economical con- 
siderations and to the rather complicated construction of 
the required plant. 

After World War II attention was directed to a pro- 
cess which to all appearances was able to answer most 
practical requirements. This process operates with 
lithium vapours in the furnace atmospheres and is claimed 
to prevent the formation of scale, as well as the decar- 
burization of the external layers of workpieces within 
and outside the furnaces by the formation of a protective 
film. As, however, basic information was not available 
on the operating conditions of these furnaces, on the 
limitations of the process, and on the construction of the 
main aggregate and the auxiliary equipment for opera- 
tion of furnaces with lithium atmospheres, it was there- 
fore considered desirable to attempt to clear up some of 
the problems associated with this process. 

For this purpose, preliminary experiments were car- 
ried out, using an industrial furnace with an upper heat- 
ing cham’ er of 160 « 280 100 mm and a combustion- 
chamber of 160 « 220 » 70mm, the maximum tempera- 
ture obtainable in the heating chamber being 1000 C and 
in the combustion chamber 1200°C. The furnace was 
heated with gas containing 41-8°,, hydrogen, 9-6", car- 
bon monoxide, 20°6",, methane, 20:2°,, nitrogen, 48°, 
carbon dioxide, 0°6",, oxygen, and 2°4”,, olefines, acety- 
lene, and benzene. Measurement of gas and air volumes 
passed through the furnace was effected by flow-meters, 
and of gas and air pressures by U-tube manometers 
Temperature measurements were carried out with an 
optical pyrometer. 

The original intention was to introduce vaporized 
lithium or lithium compounds mixed in a carrier gas, but 
preliminary experiments in this connection indicated that 
this method was technically impossible by simple means 
An alternative method, which proved quite satisfactory, 
was devised and involved the introduction of lithium 
compounds into the furnace through the gas pipe, using 
a piston, as shown in Fig. 1. 

Cylindrical test specimens of steel, 30 mm in dia- 
meter and 40 mm in length, were heat-treated in the 
lower chamber of the furnace for different periods at a 
furnace temperature of 1100°C, and were allowed to 
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cool in air. Tests were carried out on specimens heated 
with and without the presence of lithium, and in atmos 
pheres containing varying amounts of air, these air fac 
tors A being classified as “ poor”, i.e.,‘deficient in air 
(A 0°8 to 0-9), * average * (A 1-0), and * rich 4A 

1:2). The heat-treating periods were 15, 20, 25, and 
30 min, and lithium was introduced into the furnace in 
the form of lithium carbonate. The degree of effective- 
ness of lithium atmospheres was determined by com 
Paring specimens heated under identical conditions in 
normal furnace atmospheres with and without lithium 
The extent of scale formation observed on the compari 
son specimens is shown in Fig. 2 for different air factors 7 





Fig. |. Method of introducing powdered lithium compounds into the 
furnace through the gas pipe 

The presence of lithium in the furnace atmosphere 
was indicated by flames of a characteristic red colour 
facilitating considerably the correct control of lithium 
feed, which should be introduced into the combustion 
chamber at its hottest point, i.¢c., through the burner or 
in its immediate neighbourhood 

The specimens were found to be covered with a very 
thin, dark, shining protective layer which protected them 
against scale formation, even during the cooling-off 
period in air. The dimensions of the heat-treated speci 
mens must not drop below certain limiting values, and a 
certain time-temperature difference must prevail between 
the surface of the specimens and the temperature of the 
furnace atmosphere. These conditions are required for 
the deposition of the lithium vapour at furnace tempera 
ture on the relatively cool workpieces before scale forma 
tion commences. The minimum dimensions required 
depend on local operating conditions 

The degree of effectiveness of a lithium atmosphere 
depends on the adjustment of combustion conditions 
Reducing combustion is required, although the funda 
mental reactions have not been investigated 
ponding statements in technical literature disagree con 
siderably, but the present experiments indicate that the 
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Fig. 2. Average scale formation as a function of heat-treatment periods 
for various air factors 7. 


limits of effectiveness lie at about 10°, air deficiency (at 
furnace temperatures of 1100°C), the heat-treating periods 
exerting no influence on the quality of the specimen sur- 
faces.. There was no scale formation, provided that the 
atmosphere contained sufficiently large quantities of 
lithium. Scale formation was completely avoided in the 
presence of 10 grams of lithium carbonate per cubic metre 
of gas, the amount depending on the operating condi- 
tions involved. 


EXPERIMENTS UNDER PRACTICAL FORGING CONDITIONS 

For the purpose of experiments carried out under 
practical forging conditions, a small gas-heated furnace 
of simple design was used, the gas in this case containing 
52:3",, hydrogen, 11-4°,, carbon monoxide, 22-5°, 
methane, 6:9°,, nitrogen, 41°, carbon dioxide, 0:5°, 
oxygen, and 2-3°,, olefines, acetylene, and benzene. The 
combustion process was adjusted in accordance with the 
appearance of the flames, and furnace temperatures were 
controlled by means of a pyrometer. 

It was found that the method of introducing pul- 
verized lithium carbonate shown in Fig. | was quite un- 
suitable for use under these practical operating condi- 
tions, as the gas pressure in this furnace was 160 mm 
w.g., aS compared with 80 mm w.g. in the furnace used 
in the preliminary experiments. As a result, an arrange- 
ment was devised, working on the reverse principle, i.e., 
the lithium carbonate powder was sucked, instead of 
being blown, into the gas line. This arrangement basically 
comprises a tube introduced into the furnace, a storage 
funnel, and a shaker for preventing clogging of the funnel 
exit, the cross-section of which can be adjusted. 

In these tests, bicycle cranks and clutch levers of two 
different steels were forged, the blanks of the cranks 
having previously been subjected to preliminary upset- 
ting, and the blanks of the clutch levers to preforging and 
cleaning of fins. 

Before commencing with annealing operations, it was 
considered necessary to investigate the influence of fur- 
nace and blank temperatures and the surface tempera- 
tures of the blanks leaving the furnace. Experiments 
carried out at furnace temperatures between 1000° and 
1300°C indicated that, under the test conditions involved, 
metallic bright surfaces were not subject to scale forma- 
tion, as long as the furnace and blank temperatures re- 
mained below 1200°C, while above these tempera- 
tures the characteristic flame colours gradually 
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disappeared. The quality of the surface of the forgings 
dropped in the same manner. It is believed that this is 
due to the reciprocal effects of individual constituents of 
the furnace atmospheres, i.e., the ratio of CO to COz and 
of He to H20, such as must also be considered in the 
application of the customary protective gas atmospheres, 
e.g., incompletely burned coke-oven gas. It was found 
impossible to determine exactly the influences which 
were directly responsible for this phenomenon, owing to 
the lack of suitable measuring instruments. 

Forgings free from scale were obtained whenever the 
furnace and blank temperatures did not exceed 1200°C. 
Parts heated and forged in this way exhibited surface con- 
ditions unknown in workpieces heated in conventional 
forging furnaces. 

The surface condition of heated blanks cannot be 
better than that in which they have been charged into the 
furnace. A metallic bright surface therefore represents 
the ideal state. In the case of bicycle cranks produced 
from metallic bright blanks, scale formation was found 
to take place only to a slight degree at the fins, where, on 
account of the long distance of flow, the protective layer 
was torn away. Pickled and sand-scoured blanks can be 
used, although the forged parts exhibit the sand layer 
beside the protective layer. This initial condition is 
generally without importance. In normal experimental 
operations, all blanks are usually sand-scoured in order 
to avoid the formation of scale, and its application in the 
present investigations appeared to be necessary. Scouring 
of the blanks with steel shot prior to heat treatment is 
insufficient, in view of the fact that part of the scale layer 
remaining from the first operating stage is left beneath 
the protective layer. 

Following preparatory treatment, about 6000 clutch 
levers were forged. After a few hours of uninterrupted 
operation, the amount of lithium carbonate declined con- 
siderably. It appears that the lining of the furnace absorbs 
a considerable percentage of the lithium during the first 
part of the treatment, and this is then gradually returned 
into the furnace atmosphere. It was found, even a few 
days after the end of the tests, that some workpieces 
heated in the same furnace were partly covered with 
lithium. An amount of 1045 gm of lithium carbonate was 
required for the 6000 forgings (340 gm per blank) subjec- 
ted to the investigation. 

The heat treatment of the blanks in furnace atmos- 
pheres containing lithium vapour exerts a favourable in- 
fluence on the total output capacities of the forging tools. 
The forging die was made of a Ni-Cr-Mo-V steel with a 
strength of 140 to 145 kg/mm. The average maximum 
capacity of a forging-die plate was normally 2500 pieces, 
the absolute maximum being 3000 pieces. In fact, the 
forging die used in these tests was not entirely new, as it 
had already been used for forging 1720 pieces and exhi- 
bited the usual signs of wear. With this die, it was found 
possible to produce almost 6000 forgings heated in a 
lithium atmosphere before the die was completely worn. 
Such an increase in forging capacity is by no means excep- 
tional, inasmuch as increases up to 400°, have been re- 
ported in the literature. The reasons for these increases 
in forging capacity are partly due to the absence of scale 
on the surfaces of the blanks and partly to the lubricating 
effect of the protective film formed by the lithium vapour. 

A microsection of a specimen heated for 6 min in a 
lithium atmosphere at 1150°C is shown in Fig. 3a, and of 
a similar specimen under the same conditions, but in a 
normal furnace atmosphere, in Fig. 3b. The different 
depths of decarburization can clearly be seen, the speci- 
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Fig. 3. Surface decarburization of a clutch lever heated for 6 min at 
1150°C in (a) a lithium atmosphere, and (b) a normal furnace atmos- 
phere. (* 145) 


men heated in a lithium atmosphere being decarburized 
to only half the depth of that with the specimen heated 
under normal conditions. The depth of roughness in the 
two specimens should also be noted. 

As many forgings are heat-treated, the investigations 
were extended to determine whether, and for how long, 
the protective layer can protect the metallic surfaces 
against scale formation during subsequent heat treatment, 
without the influence of lithium vapours. For this pur- 
pose, clutch levers heated both in lithium atmospheres 
and in normal annealing atmospheres were subjected to 
heat treatment for periods of 15, 30, and 60 min in an 
electric furnace at 860°C. It was found that levers pre- 
viously heated in lithium atmospheres did not develop 


appreciable scale formation in heating periods of up to 
60 min, while longer heat-treatments tended to induce 
considerable scaling. After cooling of the parts, most of 
the layer tended to drop off, so that further protection 
during repeated heatings cannot be expected. 

Insofar as economical considerations are concerned, 
the cost per forging was found to be slightly increased, 
but this additional cost was compensated by the elimina- 
tion of scaling losses and by the increase in the total 
capacity of the forging-die plates. As a result, savings in 
forging-die material, wages, and time lost in the exchange 
of tool parts were effected. 

Other advantages are that adhesion (baking) of loose 
scale to the hearth of the furnace is avoided, as also is the 
need to descale heated blanks and to remove scale left in 
the forging dies. No special equipment is required for 
these purposes, and, in fact, the entire process is rendered 
more fluid, with a corresponding increase in production 
In the case of certain forgings, subsequent pickling treat 
ment can be eliminated or considerably shortened 

It should be noted that the economy effected by the 
above considerations is not limited only to actual forging 
operations, but extends quite considerably into the sub 
sequent stages, such as chipping treatments, with de 
creased wear of chipping tools and a corresponding in 
cease in their capacity. Furthermore, owing to the 
excellent surface condition produced, machining toler 
ances can be reduced to a minimum. 





Magnetic-Flux Gas-Shielded Arc Welding 


By J. E. Dato. (From Iron and Steel Engineer, Vol. 35, No. 9, September 1958, pp. 160-165, 
13 illustrations.) 


ALTHOUGH there are many good processes for welding 
carbon steel, there is a wide field that is not adequately 
covered by these methods, from the standpoint of highest 
possible quality at the lowest possible cost, this field lying 
between manual-covered electrode welding and fully 
automatic production units. To fill the need, a magnetic- 
flux gas-shielded arc-welding process, producing high- 
quality welds in mild steel at greater welding speeds and 
lower welding costs than covered electrodes, has been 
developed. 

Essentially, the components of magnetic-flux gas- 























FLUX 
FLUX HOPPER _-~ REGULATOR 
DISPENSER 70ND FLOWME TER 
SHIELDING GAS - ~ 
ANO FLUX HOSE ee 
r > 
POWER | 
SUPPLY 
— | 
s | 
ee aw 
™ WIRE SPEED 
CAGE CONTROL 
| 
TORCH 
work: 
mreCE 








Fig. 1. Schematic layout of the components of the magnetic-flux gas- 
“ shielded arc-welding process. 
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shielded arc welding are bare welding wire 


magnetic 
flux, and carbon dioxide gas, these components being 


shown schematically in Fig. 1. During welding, the flux 
propelled in a gas stream, and the wire are fed simultan 
eously to the torch. At the torch nozzle, the welding 
current flowing through the wire establishes a magnetic 
field which attracts the magnetizable flux to the wire 
(Fig. 2). Asa result, the electrode or wire is’ flux-coated 
as it enters the arc. The flux performs three main func 
tions, i.¢., it stabilizes the arc, refines and protects the 
weld puddle, and controls weld contour and coalescence 
Besides conveying the flux to the torch, the carbon dioxide 
also provides supplementary shielding and, in combin 
ation with the flux, gives desirable arc characteristics 
These characteristics are similar to those of covered 
electrodes and can be very readily learned by the average 
welding operator. In fact, since the wire is fed auto 
matically, manual-skill requirements for down-hand 
welding are less than with covered-clectrode welding, and 
the process can be learned more quickly 

Current densities are generally higher than with 
covered electrodes. Metal transfer is of a“ spray “ type 
and there is very little spatter. The small amount of 
spatter occurring is not tenacious and can readily be 
removed by wiping or light brushing 

The flux contains 30°,, iron powder, which is bonded 
to the flux particles. The iron powder, which is very fine 
(200-mesh), ends up in the deposited weld metal. The 
flux removed from the top of the weld that solidifies in 
the completed weld does not contain substantial amounts 
of iron left in it. 
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Fig. 2. Detail of nozzle and workpiece, snowing how flux is attracted to 
the wire by the magnetic field. 


The equipment used is somewhat similar to other 
semi-automatic welding machines. The coiled wire is 
contained in a cardboard drum and is fed to the torch 
by an electronically controlled drive unit, which is directly 
coupled to the flux dispenser, so that the flow of flux is 
always proportional to the wire feed, the desired flux-to- 
wire ratio being set on the flux dispenser. The bare wire 
is fed through a 16-ft flexible conduit, and the flux, 
metered to the proper proportion, is fluidized by the 
carbon dioxide gas stream and conveyed through a hose 
to the welding torch. Fig. 3 shows the flux dispenser 
and the method of metering, the magnetic wheel being 
directly connected to the wire-feed drive unit. The wire, 
flux, and gas are brought together for the welding oper- 
ation through the air-cooled torch. A constant-potential 
d.c. power source is generally used ; however, conven- 
tional drooping-characteristic power supplies can be 
used for many applications, particularly when high 
welding current densities are used. The process can be 
used with a.c. equipment, but operation is not as stable 
as with d.c. equipment, and more spatter is obtained. 

Welds can be made in all positions with the new 
process, but lower current densities and greater operator 
skill are required when welding in the vertical and over- 
head positions, as compared with flat and horizontal 
welding. Two wire sizes, # and @ in. in diameter, cover 
a wid2 operating range, and the equipment is designed 
around these two sizes. 

For welding in the flat and horizontal positions at 
high current densities, #-in. diameter wire is used in a 
range of approximately 350 to 500 A d.c., reversed polar- 
ity, with a flux-to-wire ratio of 1:2. These conditions are 
particularly successful in fillet welding, high speeds being 
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obtained with no undercutting. The process will also 
give excellent results with butt welding, a double-bevel 
edge preparation being generally recommended. 

On all-position welding, 4-in. diameter wire is used 
with welding currents varying from 125 to 250 A d.c., 
reversed polarity. Flux-to-wire ratios are in the range of 
0-3:1 to 0-6:1. 

With regard to the question of operator fatigue, it is 
true that a standard electrode holder is lighter than it is 
in the case of the new process. Consequently, while 
operation in the down-hand position is not a great pro- 
blem, weight does become of importance in the vertical 
and overhead positions. However, work is being carried 
out to produce a lighter, more easily handled piece of 
equipment, and it is believed that a satisfactory new 
torch has now been developed. 

Insofar as the use of the equipment in maintenance 
operation is concerned, some adjustments must be made. 
However, the current range is reasonably wi 'e 7nd is not 
too critical. Also, gas flow is more or less consiant, once 
it has been set, while flux ratios remain constant with 
changes in wire-feed speed. 

Welds made with the new process on a variety of 
steels have exhibited excellent quality and have easily 
met relevant radiographic requirements. In addition, 
welds subjected to standard, side, root, and face bend 
tests have been found to possess satisfactory soundness 
and bending qualities 
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Many applications are being found for the process. 
Its advantages of high speed, ease of operation, high 
current input, limited spatter, and high quality make it 
especially adaptable to operations such as the fabrica- 
tion of earth-moving equipment, oil-field equipment, 
pipe welding, field storage tanks, casting repair, bridge 
girders, and railroad-car fabrication. In short, while it 
should by no means be regarded as a completely universal 
method of welding, it definitely lends itself to many 
applications and, if properly applied, produces high- 
quality welds economically at a high deposition rate. 
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HYDRAULICS iN ENGINEERING 


We at Keelavite are a team of experts in the design, 
installation and maintenance of complete hydraulic 
systems. We are ready to accept full responsibility for 
the proper working of all our installations, including 


all electrical or other contro] equipment 


Not only this, we are the manufacturers of the largest 


range of hydraulic units in the United Kingdom 


We are, of course, fully experienced in special applica 


tions of hydraulic power for the engineering industry 
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P.T.F.E.* for instance. Flexible piping 
embodying a lining made from this new thermo-plastic 
material is exceptionally valuable when it is necessary 
to operate over a very wide temperature range, with 
strong resistance to chemicals and water absorption. 
This lining is also available with reinforcement 

by one or two stainless steel wire braids. 

DUNLOP are specialists also in reinforced high and 
low pressure flexible pipes of rubber-like materials, 
and ‘Fleximet’ stainless steel flexible pipes. 

Dunlop technicians are available to advise on all 
problems concerning the installation and use of flexible 
pipes. Details from Dunlop Rubber Co. Ltd., 

St. Georges Road, Coventry, Telephone 64171. 


* Polytetrafluoroethylene 
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Rolling Mill for Processing Nuclear 
Fuel Elements 


In general, materials used in the construction of 
nuclear fuel elements must be handled with extreme care, 
and very rigid safety regulations are laid down with 
regard to hazards engendered by exposure to radio- 
activity, including inhalation of dusts. The processing of 
nuclear fuel elements of different shapes and configur- 
ations therefore gives rise to a number of problems. 
With a view to overcoming these problems, a unique 
rolling mill, incorporating a remotely operated roll- 
changing mechanism, has been designed and manu- 
factured by Albert Mann’s Engineering Co. Ltd., of 
Basildon, Essex, and is being installed in one of the metal- 
working laboratories of the Commissariat a l’Energie 
Atomique in France. 





‘ 


The mill is a Stanat/Mann 2-high/4-high combination 
unit, with a diameter of 10 in. and a face width of 14 in., 
and has a 600,000-lb maximum rolling load capacity at a 
speed of 100 fpm. The roll-changing mechanism is 
remotely actuated from a control desk, selection of the 
particular roll assembly required for a given rolling oper- 
ation being effected by a switch. Operation of a push- 
button gives rises to an electro-hydraulic sequence, com- 
prising (1) disconnecting the screwdown from the top 
roll, (2) elevating the screwdown to a position which will 
accept any roll configuration, (3) withdrawing the jibs 
retaining the chocks in position in the mill housings, 
(4) withdrawing the roll assembly onto the roll carriage, 
(5) supporting the universal spindles during withdrawal of 
the roll assembly, (6) indexing the roll carriage to line 
up the roll assembly selected, (7) adjusting the universal 
spindles to cater for the roll centres of the new assembly, 
(8) entering the roll assembly into the mill, (9) locking the 
chocks into position by the jibs, and (10) collecting the 
new top-roll assembly by the screwdown mechanism, 
with prevention of the application of any major screw- 
down pressure when there is no material between the 
rolls. The rolls are adjusted by means of a 2-hp infinitely 
variable speed motor through a double worm reduction 
to the screwdown spindles, a magnetic clutch enabling 
individual adjustment of each side of the mill to take 
place. Screwdown speeds are variable from 0-18 mm/sec 
for cold rolling, up to 2°6 mm/sec for hot rolling. 

A comprehensive system of instrumentation is fitted, 
allowing left-hand or right-hand roll pressure, or the 
sum of both, to be read at the control desk. These pres- 
sures are measured by load cells situated between the 
screwdown and the top-roll chocks. Measurement can 
also be made of the upper roll-neck torque, lower roll- 
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neck torque, and the sum of both. These are measured 
on the universal driving spindles by strain gauges, the 
signals being transmitted via slip-rings and brushes 
mounted on universal joints. A 2-pen high-speed re- 
corder is provided at the control desk for the recording 
of roll pressure and roll-neck torque. 

The control equipment, developed by Mann's Elec- 
tronic Laboratory, is extremely flexible in operation over 
the required speed range, shows economy in capital cost 
over conventional methods of control, and is based on a 
special new technique of pulse-controlled thyratrons 
Owing to the extreme compactness of the electronic 
components, a very great space saving for the equipment 
itself and for spares storage can be obtained. Thus, the 
control console not only incorporates the variable-speed 
control for the 100-hp mill drive, but also the 2-hp 
variable-speed screwdown-motor control, all the relays, 
etc. associated with solenoid control of the hydraulic 
circuits, and also the amplification and recording required 
by the torque and screwdown pressure, system. Very 
high orders of speed stability and control can be obtained 
with this equipment, permitting close automatic control 
of tension, and making the introduction of programme 
control comparatively simple. 


Large Oxygen Cutting Machine 
for Stainless Steel 


With a cutting area measuring 27+ 42 ft, a special 
purpose machine, constructed by Hancock & Co. (Engin 
eers) Ltd., of Croydon, has recently been installed in the 
Park Works of the English Steel Corporation Ltd., of 
Sheffield, and is believed to be the largest oxygen cutting 
installation in the world The machine, designated 
model COT I, is being used for the powder cutting of 
stainless-steel slabs up to 45 in. in width and 6 in. in 
thickness, and weighing up to 12 tons, according to 
length. Cutting speeds are of the order of 7 ipm with a 
cutting oxygen pressure of 75 psi 





On the main rails of the machine, 60 ft in length, are 
mounted two driven gantries, each spanning WO ft and 
giving a cutting width of 27 ft. On each gantry is mounted 
a heavy-duty driven carriage incorporating a pai of 
iron-powder dispensers of large capacity and two 
burners on an outrigger, these being capable of cuts up to 
48 in. apart. Each gantry is also equipped with an addi 
tional independent non-driven carriage with a single 
burner. Hose-handling arrangements are particularly 
unobtrusive, and the services to cach driven carriage 
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include oxygen, acetylene, compressed air, and electric 
power cable. These are contained in a stainless-steel 
spiral which lies neatly at all times in channels fixed to the 
side of each gantry and alongside the main rails, coiling 
and uncoiling smoothly during the traversing mctions. 

On the driven end of each gantry a cradle is fitted, to 
carry the air driers for the powder dispensers, as shown 
in the illustration. Each dispenser has its individual pair 
of driers. At any given time one drier of each pair is in 
operation, while the other is being reactivated. Humidity 
indicators are fitted, and the necessity to switch over 
to the other drier is indicated by colour changes. The 
powder cutting attachment on each of the burners is not 
of the concentric-nozzle type but consists simply of a 
small-diameter tube. When cutting, the tube precedes 
the burner. 

In operation, the slabs are generally lined up for 
cutting parallel with the main rails of the machine, and 
all cuts are transverse, as the long sides do not normally 
require trimming. One of the gantries is brought into 
position over the “ ingot-head” end, and the driven 
carriage then traverses, making two trimming cuts about 
20 in. apart, whilst the other gantry is used to remove the 
* bottoms ”’, all cuts being made simultaneously. When 
taking the two trimming cuts, the burner nearer the 
end of the slabs leads slightly, to ensure that it completes 
its cuts before the other burner. Trimming procedure is 
continued until sound metal free from ingot-head un- 
soundness is reached, and the off-cuts go for remelting. 
The sound slabs are then cut into lengths of about 6 ft. 


High-Altitude Test-Plant Equipment 
for Aircraft Engines 


Power-measuring equipment of Heenan & Froude 
design is used for engine test cells at the two new high- 
altitude plants of Rolls-Royce Limited, and is capable of 
operating satisfactorily and giving readings of high 
accuracy at temperatures between —20°C and 350°C 
and at pressures varying from full vacuum to 75 psi. 
One cell is equipped for turbo-jet engines and the other 
for either turbo-jet or turbo-propeller types. The two 
thrust-measuring stands are built onto sub-frames 
attached to the circular stainless-steel test-cell vessels. 
The connections incorporate trunnion bearings with 
pins in spherical housings to prevent distortion due to cell 
expansion and contraction. The moving portion of each 
thrust stand supporting the engine is suspended by four 
spring-steel plates. The maximum thrust catered for is 
20,000 Ib, with a negative thrust of 2000 Ib. 

































































Fig. 1 

The measuring equipment in each case consists of a 
weighing machine connected to the thrust stand by 
mechanical linkage. The weigher has two dials, one 
reading from —2000 to + 5000 Ib, and the other from 
4000 to 20,000 Ib, change-over from one dial to the other 
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being automatic. The weighing machines are located 
alongside the steel cells, and repeat dials are installed 
on the remote engine-control panels. Pointer movement 
from one to the other is transmitted electrically. Thrust- 
checking gear consists of mechanical linkage, reduction 
levers, and weights, the latter being applied outside the 
cell. Seals are provided at points where the linkage passes 
out of the cells. The engines are placed on the thrust 
stands already rigged on an adjustable dolly with under 
frame. 

Additional facilities in the cell designed for testing 
turbo-propeller engines consists of dynamometers, trans- 
mission shafting, and engine supports (Fig. 1). For 
torque absorption and measurement, two Heenan * Dyna 
matic ** dynamometers, Mark VI C, are mounted in 
tandem outside the cell, and, when operating together 
can deal with powers up to 6000 bhp at speeds from 
800 rpm upwards. Torque-measuring equipment consists 
of a weighing machine mounted alongside the dynamo- 
meters, with mechanical linkage from the torque arm 
Repeat dials are mounted in the control room. Torque 
checking gear is of the lever-and-weight type. 


a 


“ty Se 
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Fig. 2 
The transmission shaft for full dynamometer torque 
couples the engine to the dynamometer and comprises a 
central main shaft through the end of the steel cell, with a 
gear-toothed cardan shaft at each end To allow for 
differential expansion between the cell and the trans 
mission system, long central shaft bearings and adequate 
float in the gear-toothed couplings are provided. A stain 
less-steel tube encasing the central shaft is fitted with 
seals to prevent air leakage. Owing to the varying condi 
tions of pressure and temperature along the length of the 
main transmission and cardan shafts, two lubricating 
systems are provided, one serving the dynamometer end 
and the other the engine end. Each system consists of an 
oil storage tank, main circulating pump, filter, heat 
exchanger and the necessary pipe work, and valves 
Scavenge pumps are provided in the oil return lines. The 
propeller-turbine engine is mounted in a steel framework 
carried from a vertical bulkhead inside the cell 
For both cells Heenan & Froude have also supplied 
the control desks, engine controls, and instrumentation 
Part of the main control room, showing one of the two 
control desks, is illustrated in Fig. 2 


Molybdenum Disulphide Powder 


While it is true that the use of molybdenum disulphide 
as a solid lubricant capable of withstanding extremely 
high pressures is well known, it is also true that the 
particle-size reduction of this material is by no means an 
easy problem. Thus, for example, ordinary milling pro 
cesses cannot be used, as they cause oxidation, leading to 
the formation of molybdenum trioxide, which has no 
lubrication value at all. Similarly, while it is possible to 
reduce molybdenum disulphide particles in liquids, or in 
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Diesel fuel (less tax: 1178 gals.) $259.27 
Lubricating oil, filters, etc. $81.71 
Spare parts (fuel filter assembly).........§20.35 
Fuel consumption (Gals. Hour) 0.441 


*Figure supplied by Gt. Raymond Paper Co. of Lac Briile 
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PRODUCTION-CHECKED: As 
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Dutch Bureau Veritas. 
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ball and roller mills (the finest rps generally obtain- 
able have average particle sizes of } to 3 microns), it has 
often been found that such quasi-colloidal dispersions 
are not as effective as the flake materials, as there appears 
to be a loss of some of the advantageous properties of the 
material, possibly also due to oxidation. 

It is now reported, however, that, by means of a 
quasi-air-flotation method, K. S. Paul (Molybdenum 
Disulphide) Limited, of London, N.W.10, have pro- 
duced on a commercial basis a molybdenum disul- 
phide powder with an average particle size of from } to 4 
micron. Trial production batches have shown consider- 
able consistency of results, and the flake-like structure of 
the material has been maintained. In addition, an im- 
portant point is that a change in pH-value has not been 
detected, as compared with standard and micronated 
particle-size materials. 


Double-Headed Keyway and 
Cotter-Hole Cutting Machine 


Intended primarily for railway-locomotive work and 
capable of milling parallel or taper cotter slots in a variety 
of components, a double-headed keyway and cotter-hole 
cutting machine, designated size “1”, recently intro- 
duced by Adcock & Shipley Ltd., of Leicester, can handle 
keyways up to 1} in. in width and up to 12 in. in length. 





Basically, the machine consists of a substantial bed 
which carries a double table, reciprocated longitudinally 


on slides by an adjustable crank disc coupled to the table , 


by a cross-head. The top table can be oscillated by 
another eccentric disc when it is necessary to cut taper 
cotter slots. This second eccentric disc is mounted at the 
rear of the machine and is connected to the top table on 
the left-hand side by a suitable link. On either side of the 
main bed are two cutter heads, which are traversed in- 
wards on suitable Vee slides by the feed mechanism. By 
adjusting the eccentric disc and the cross-head, the length 
and position of the keyways or slots to be cut in the shafts 
can be determined. Each adjustment is provided with 
Vernier scales for setting purposes. For taper cotter slots, 
the throw of the eccentric disc controlling the angle of 
taper is also adjustable. In order to maintain a set feed 
rate, compensating eccentrics are provided in the drive to 
the reciprocating crank disc of the table, thereby main- 
taining a reasonably constant traversing speed on the 
table motion. The rate of reciprocation of the table can be 
varied by slip gears from 1-6 to 20 single strokes per minute. 

The cutter heads carry the cutter spindles, which run 
in three ball and roller bearings. Each spindle is supported 
by a pair of preloaded precision angular contact bearings 
at the front and a roller bearing at the rear. They are 
arranged to take collets from } in. to 1} in. in diameter. 
Six spindle speeds, from 227 to 1200 rpm, are provided, 
the final drive being taken to the spindles through a spline 
shaft. Infeed Of the heads at the end of each stroke is by 
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means of a ratchet-and-pawl arrangement operated by a 
cam on the vertical shaft, which drives the reciprocating 
crank disc of the table. The amount of infeed is adjust- 
able in srnall increments in the range between 0-005 and 
0-050 in. per stroke. 

The design of the mechanism controlling the infeed 
is such that it can all be operated from the front position, 
provision being made for operating one head alone or 
two heads simultaneously, when cutting double keyways 
In addition, a special arrangement for cutting slots is 
provided, whereby the feed mechanism to the rear heads 
reverses, thus maintaining a set distance between the 
cutters until the centre web has been cut out. The feed 
then stops, and the heads can be wound back to their 
dead-stops by hand. The cutter heads are also provided 
with hand adjustment for setting purposes, etc. 


Automatic Gear-Processing 
Assembly Line for Layshafts 


Believed to be the only one of its kind in Europe, a 
fully automatic gear-processing assembly line, intended 
to speed up the manufacture of layshafts in motor-car 
gearboxes, has been developed and was recently demon 
strated by Churchill Gear Machines Limited at their 
Blaydon-on-Tyne Works. This link line or transfer 
assembly is 175 ft in length and consists of 25 standard 
machines, manufactured by a number of different com 
panies, these machines being linked together with trans 
fer and loading mechanisms, conveyors, and automatic 
* hands * designed by the company. Only two types of 
automatic machine loader and two types of * between 
machine * conveyor mechanism are used 

The automatic line commences with a bank of five 
Churchill rigid hobbers. To achieve the production 
required, two of the five machines hob the fourth-speed 
gears, two machines hob the third-speed gears, and the 
remaining machine hobs the first-speed gears. The lay 
shafts introduced to the conveyor move to the first of the 
two hobbers for the fourth-speed gear and build up a 
small storage bank of gears. Further components are 
deflected to by-pass the bank and feed the second 
machine, again forming a small bank. The first compon 
ent to reach the machine moves into a preload arm, 
operating a micro-switch which signals the start of the 
machine cycle, when the preload arm slides the com 
ponent across the conveyor to the “ pick-up” station 
where the transfer arm grips it and then lifts and transfers 
it to the cutting position. After a predetermined time 
delay, the preload arm returns to the centre of the con 
veyor, allowing the next component to move into posi 
tion ready for preloading when the machine has com 
pleted the full cycle. 

After gear cutting, the transfer arm returns the lay 
shaft to the conveyor on the inner of three tracks into 
which the conveyor is divided, and along which it moves 
to by-pass the next machine, but to be diverted back into 
the centre track for feeding the next two machines. The 
outer track is used by the components which by-pass a 
storage bank to supply the next machine. A gate mech 
anism, electromagnetically operated, prevents them from 
moving along the inside track to pass a machine when the 
machine is being loaded. 

After leaving the bank of hobbing machines, the lay 
shafts pass to the end of the conveyor, where they turn 
over under gravity onto horizontal guides on which they 
roll to the Churchill ** Gear-Wash " for cleaning before 
gauging. The gear-wash uses a hot chemical high 
pressure spray system and removes all cutting oi! and 
swarf. An air-jet system dries the layshafts before they 
leave the gear-wash to roll into a storage bank to await 
gauging for size, run-out, and lead on all three hobbed 
gears, by means of Churchill “* Auto-Gauges " 

When gauging is complete, the head and tailstocks 
retract and allow the layshaft to roll to the next operation 
or in the case of a reject, into a reject chute. When a 
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preselected number of components has passed into this 
chute, an electrical signal is passed back to the machine 
involved to hold up production pending investigation. 

After gauging, the layshafts are turned over to the 
vertical-axis position onto a conveyor, feeding three 
Fellows-England high-speed shaping machines. This 
conveyor, with its selector guide mechanisms, is identical 
to the one feeding the hobbing machines, and allows each 
machine to operate individually, supplying a storage 
bank to each machine. 

The layshafts are next submitted to another washing 
and gauging operation, rejects again being passed to a 
reject chute. They are then passed to two Churchill 
gear rounders and subsequently to three Churchill gear 
chamferers, which remove the acute edges of the helical 
gears on both sides of the teeth, using rotary chamfering 
tools. After chamfering, the layshafts are discharged 
through the machine column and elevated to a chute 
feeding four Churchill “ Red Ring’ G.C.U. shaving 
machines, provision being made in the line for an auto- 
matic brushing machine. 

After leaving the shaving machines, the layshafts are 
given another wash, followed by gauging with heads to 
gauge all four gears. The layshafts now roll to a bank 
supplying a grinding machine, on which the outside 
diameters of the three helical gears are ground by a formed 
wheel fitted with automatic wheel-truing compensation. 
This machine, supplied by the Newall Engineering Co., of 
Peterborough, is fitted with a Newall design of pneumatic- 
ally operated loader, the first of its type. The layshaft is 
gripped, lifted, and then transferred by the arm to the 
grinding position. After grinding, it is released and rolls 
down a curved chute to a standard section of conveyor, 
where the automatic gear line ends. The layshafts are 
now ready for transfer to heat treatment. 








Heavy-Duty Turret Punch Press 


A new heavy-duty turret punch press, designated 
Model R. 61, of 80,000-lb punching pressure and a 
punching capacity of 6 in. diameter for mild-steel plate 
of }-in. thickness and 1}4-in. diameter for j-in. thickness, 
has been added to the range of British Wiedemann turret 
punch presses marketed by Dowding & Doll Ltd., of 
London, W.14. 





The principle of standardized tooling adopted enables 
any tool set to be instantly indexed to the working posi- 
tion in rotatable turrets, and the operator to change from 
job to job without loss of time. Rotation of the upper and 
lower turrets is synchronized and, in the working posi- 
tion, the punch is in perfect alignment with the corres- 
ponding die. The turrets are positively located, and the 
electrically operated press cannot be tripped between 
stations. 

The turrets, rotated by a geared }-hp motor and con- 
trolled from the operating position, can be supplied with 
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20, 24, or 28 punching stations. Tools of any shape or 
size can be mounted, including a range of round tools, and 
all tools can be easily changed. The press has a throat 
depth of 33 in. and a ram stroke of 1} in., and is driven 
by a 3-hp motor. 

During operation, the plate to be pierced is positioned 
between the upper and lower turrets, with its front edge in 
contact with locating pads and its right-hand edge against 
a stop. It is then clamped, and the two edges of the plate, 
or datum lines, are positioned relative to the punch centre- 
line by two handwheels, which operate circular-pitch 
racks and pinions, one controlling the lateral and the 
other the lengthwise setting. The precise distance from 
the edges of the plate to the punch centre-line can be read 
from direct-measuring indicators positioned over each 
handwheel. 


Special Analogue Computer for 
Motion of Railway Trains 


An interesting example of a special-purpose analogue 
computer, built by Messrs. F. C. Robinson & Partners 
Limited to the designs of Professor E. Bradshaw, of 
Manchester University, automatically predicts the motion 
and energy consumption of railway trains. The informa- 
tion supplied to the computer includes the tractive 
effort and power demands of the locomotive, the resist- 
ance to motion at different speeds, and the gradient 
profile for the route travelled. This information is in- 
serted in the form of curves or punched tape and is con- 
tinuously “ read *’ by the computer as the speed and dis- 
tance travelled vary. 

The working forces are read continuously, summed 
algebraically, and fed to an integrator which evaluates 
velocity. The velocity is again integrated to obtain 
distance. The integrators take the form of the familiar 
induction energy meter, as used for the metering of 
domestic electrical supplies. At each stage, velocity and 
distance outputs are employed to control the outputs of 
velocity-dependent and speed-dependent quantities used 
in the computation. Velocity is automatically plotted to a 
base of distance or time. 

Experience has shown that information on train 
motion can be obtained at least ten times more quickly 
by such an analogue computer than by hand calculation 
Furthermore, analogue devices of this kind have the ad- 
vantage that it is possible to see the computing process in 
operation and to stop the process at any desired stage, so 
as to make changes in conditions, an example being the 
freedom to start coasting or braking at any stage 


Copy Nibbling Machine 


It is announced by F. J. Edwards Lid., of London 
N.W.1, sole agents in the U.K. for the range of shearing 
and nibbling machines manufactured in Germany by 
Trumpf & Co., that these are now designed for use as copy 
nibblers. With the new copy nibbling machine, it is poss 
ible to produce, with a template clamped to a template 
table, sheet-metal blanks of any desired shape, both 
internally and externally, without previous tracing or 
marking out. A drawing or sketch of the original can be 
used in place of the template, and it is unnecessary either 
to hold by hand or to turn the sheet during the working 
procedure. A further application of the machine is for 
producing right-angle-shaped blanks from sheet metal 
using rules on the carriage guides 

In operation, the template shape is followed with a 
manually operated pointer, which is adjustable on the 
copying arm to suit the size of the original. This move 
ment is transmitted to the material carriage, which has a 
completely free horizontal movement, both left to right 
and forward and backwards, and the shape is thereby 
copied in the material by the nibbling punch. The carriage 
is supported on accurate roller guides for all movements. 
All kinds of metal! can be cut, ¢.g., copper, brass, alumin- 
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ium, duralumin, and stainless steel in a limited capacity. 
Other materials such as plastics, hardboard, and similar 
soft, but firm, substances can also be cut. 

The process is employed to best advantage when 
producing a large number of identical shapes which do 
not necessitate the provision of expensive punching tools. 
With a view to saving material, the plates, depending on 
the required shape of the blanks, can be placed one upon 
the other. 


High-Temperature Phosphonitrilic 
Polymers 


In recent years, the phosphonitrilic series of inorganic 
polymers has attracted increasing attention, largely as a 
result of the demand for high-temperature-resistant 
materials, e.g., for use in rockets. It is now announced 
by Albright & Wilson (Mfg) Ltd., of London, S.W.1, 
that, as a result of the success of the initial stages of their 
research project into the nature and properties of phos- 
phonitrilic chlorides, it has now become commercially 
practicable for them to separate the trimer and the tet- 
ramer from the crude mixture of linear and cyclic poly- 
mers. Albright & Wilson are thus the first chemical 
manufacturing company in the world to announce that 
they can separate the polymers on a commercial scale. 

Sample quantities of pure trimer and tetramer are 
already available, and greater quantities will be available 
shortly. Incidentally, the phosphonitrilic compounds 
have several similarities to silicones (the manufacture of 
which in the U.K. was also pioneered by Albright & 
Wilson), and the company are hopeful that a wide range 
of heat-resistant materials, in addition to other products, 
will be developed from them. 


New Method of Applying Ceramic 
Coatings to Metals 


Because many components may be too large, too 
small in cross-section, or too complex to be made in 
solid ceramics, they must often be constructed in less 
suitable materials. It is now reported, however, that many 
of these limitations on size and design have been over- 
come by a new method, developed by the United Insu- 
lator Division of The Telegraph Condenser Co. Ltd.,of 
Chessington, Surrey, of applying coatings of a range of 
ceramic materials manufactured by this company on 
steel, brass, copper, aluminium, and other metals, and 
also to glass and even plastics. The ceramic material is 
specially prepared, heated to a temperature above 3000 F, 
and then applied at high pressure to the component, 
which is itself kept cool. The thickness of the coating 
can be only a few thousandths of an inch, or it can be 
built up to at least } in., as required. 

The range of ceramics adopted for these coatings, 
designated ** Unikote’’, includes ** Unilator"’, a gem- 
hard ceramic which can be made electrically insulating 
or conductive, as desired ; “* Unilatum”’, a high-tem- 
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perature, high-insulation ceramic, which is also extremely 
hard ; and “ Unilain ”, a heat and electrical insulator. 
All these materials are resistant to wear, heat, moisture, 
and chemicals. Other materials, still in the stage of being 
perfected, include high-permittivity dielectrics and piezo- 
electric ceramics. 

It is stated that the cost of these ceramic coatings 1s 
small, compared with that of the replacements they save, 
and is considerably less in many cases than that of an 
equivalent part constructed in solid ceramic, even if it were 
possible to make it. Applications include their use in 
bearings, pump impellers, mechanical seals, R.F. induc- 
tion-heating coils, jet- and rocket-engine exhausts, and 
crucible and ladle linings. 


Horizontal-Type Honing Machine 


A new British-built honing machine, the ** 150 Hydro- 
honer ”’, suitable for both batch and high-production 
honing, is new being manufactured by A. A. Jones & 
Shipman Ltd., of Leicester, under the provisions of a 
licence from the Micromatic Hone Corporation, of 
Detroit, Michigan. Intended to fill the gap between the 
large mass producer and the smaller shop, the machine 
provides for economical automation and combines 
versatility with a standardized, compact design. 

The machine is built as a horizontalytype unit, with a 
Stationary bridge to accommodate work fixtures and 
optional equipment. Change-overs from one job set-up 
to another are simplified, and the addition of automatic 
work-handling devices is an easy matter. The spindle ts 
mounted on a reciprocating, hydraulically actuated car- 
riage, the adjusting head being manually operated. The 
table measures 17 16 in., and the machine has a 12-in 
stroke and a 4-in. work-diameter capacity 





A feature of the basic design of the “ 150 Hydro 
honer”’ is that it breaks down the functions of larger 
machines into the stages necessary for full automation, 
it being possible to add each stage to the basic machine 
at any desired time. Thus, the basic machine includes 
hydraulic initial tool expansion and collapse, an adjusting 
head for manual tool-feed expansion and stone-wear 
compensation, a variable-speed belt drive for spindle 
rotation, and provision for gravity coolant drainage. Hf 
desired, however, it is always possible to add automatic 
hydraulic feed control and stone-wear compensation 
automatic sizing, and automatic work-handling devices 


497 



















aot Wh 
Mt 2 M “ y ‘ 
ted fi} as tis yah 


Be ei A 
he 


Y 
<a) Yl #453 












3 VIS ps Ce. 
of Paes 


« 













TOOL HOLDERS 


There can be no tool bit chatter or loss of r'gidity with Ecl’pse tool 
holders. The patent clamp grips along its full length, exerting pressure 
both downwards and sideways, to ho'd the tool absclu‘ely rig‘dly. 
Made in right-hand, left-hand and straight patterns in two sizes - &” to” and ji ° to 


og 
Other models for American type tool posts in four sizes- }” to &” - & ” tot" = & 104° and 
1” 10 4%. Also cutting off tool holders in three sizes - 4” to §” - ” tof” = 2° to 1h”. 


Made by James Neill & Co. (Sheffield) Ltd., and obtainabie from all tool distributor? 
UTHI 





THE ENGINEERS’ 





DIGEST 


SAR a amt meetin tore one 






































included in condensed form in this section. 





ADDITIONAL ABSTRACTS 


Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns are regularly 
Subscribers may obtain photostat copies of all original articles at cost. 








Strain-Ageing of High-Carbon Steels. 


By DE Kazinczy. (From Jernkontorets Annaler, 
Sweden, Vol. 142, No. 8, 1958, pp. 515-535, 8 illus- 
trations.) 


THE purpose of the investigation described in this paper 
was to examine the mechanism governing improvement 
in the elastic properties of high-carbon steels during 
annealing in the temperature range of 150° to 300 C. The 
two possibilities considered are strain-ageing and relief of 
internal stresses. 

It is shown that the time-temperature relationship of 
change in mechanical properties leads to the activation 
energy of carbon diffusion according to the Cottrell- 
Bilby model of strain-ageing, provided that proper 
attention is given to the increasing solubility of carbon in 
alpha-iron with increasing temperature. Microstresses, 
calculated from X-ray line broadening, decreased in the 
investigated temperature range by only 10°,,, i.e., by an 
amount which would be expected if strain- -ageing occurs. 
Body stresses decreased somewhat more, but the temper- 
ature dependence of their relief was different from the 
temperature dependence of the change in mechanical 
properties. It was therefore concluded that the primary 
mechanism is strain-ageing. 

Ageing occurred, compared with mild steel, only after 
a considerable time delay, and it is shown that the delay 
increases with ~~ content, particularly with more 
than 0-6 to 1:0°;, C. A similar time delay was observed 
if the specimens cs tested in a direction different from 
that in which they were deformed prior to ageing. A 
suggested explanation of the time delay is based on the 
assumption that those dislocations first to acquire a 
solute atmosphere would not contribute to further slip, 
whether pinned or not. Solute pinning is considered to 
develop first at pile-ups with large stress fields. Quali- 
tative descriptions are included of ferrite-path effects, and 
of the influence of changes in straining direction on the 
number of * inactive ’’ pile-ups, and thus on time delay. 


Strength at Elevated Temperatures of Aluminium and 
Certain Aluminium Alloys. 

By N. P. INGLIs. (From an advance copy of a paper 
received from The Institution of Mechanical Engineers, 
London, October 1958, 10 pages, 12 illustrations.) 

As described in this paper, short-time tensile, stress- 
rupture, and creep tests have been carried out on 99-5‘ 
aluminium and a number of other aluminium alloys, 
i.e., a 14°, manganese alloy, a 2}°, magnesium alloy, a 
34°/, magnesium alloy, and a heat-treatable magnesium 
silicide alloy. Short-time tensile and stress-rupture tests 
were carried out on all five materials, but creep data are, 
as yet, available only for the manganese alloy and the 
heat-treatable magnesium silicide alloy. 

For each of the five materials, a direct chill-cast billet 
of 7? in. diameter and 30 in. length was preheated and 
extruded through a single-hole die. In this way, rods of 
14 in. diameter, each approximately 110 ft long, were 
produced, but from these lengths only the middle 40 ft 
were used for the tests. With the exception of the 
magnesium silicide alloy, all subsequent tests were carried 
out with the materials in the extruded condition, no heat 
treatment being involved. However, the magnesium 
silicide bar was cut into a number of short lengths, which, 
prior to machining the testpieces, were solution-heat- 
treated at 525°C, water-quenched, and artificially aged 
for 18 hr at 160°C. 

Short-time data cover a temperature range of 20° to 
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250°C, the stress-rupture curves, which mostly extend up 
to 10,000 hr, relating to temperatures of 100°, 150°, 200 

and 250°C. Creep tests, a number of which were taken 
into the tertiary stage, were carried out at 200 and 300 ¢ 
for the 1}°., manganese alloy, the temperatures employed 
for the magnesium silicide alloy being 100, 150, and 
200°C. 

Stress-temperature curves are plotted which enable a 
direct comparison to be made of the effect of temperature 
on rupture strength for specified amounts of time, and 
the paper includes a fairly detailed report of the effect of 
time, stress, and temperature On microstructure, and dis 
cusses the types of fracture encountered 


Investigation into Elastic-Sheath Pressure Cables. 

By N. Kien. (From a paper submitted io the A/EI 
Summer General Meeting and Air Transportation Con 
ference, Buffalo, U.S.A., June 22-27, 958, 24 pages, 7 
illustrations.) 

THE pressure in high-voltage pressure cables 1s usually 
maintained with the help of external means, such as oil 
reservoirs and gas-filled pipes round the cables, which 
considerably complicate design and mechanical function 
ing. For many years, ways have been sought to dispense 
with these external means ; however, of several patents 
only one, i.e., the 3-core flat cable of Mollerho}j, has found 
practical application. The pressure in this cable is ob 
tained by means of elastic deformations of corrugated 
metal strips and by means of insulation. Other patents 
propose to maintain the internal pressure with elastically 
stressed elements in the cable but require a rather com 
plicated design. An exception is a very simple proposal 
to build the pressure cable like a non-circular, solid-type 
cable, replacing the soft lead or aluminium of the sheath 
by a highly resilient metal. 

As described in this paper, theoretical investigations 
have been carried out on these cables, and it would appear 
that elastic-sheath pressure cables should be mechanically 
and electrically suitable for service. An equation is given 
for calculation of their thermal limit with good accuracy 
according to which, temperature-increase limits of 70 ¢ 
can be obtained for 3-core flat and also for triangular 
cables with various semi-hard-temper alloys, strain limits 
being about 0-0015 and 0-0025 respectively for the two 
cable types. These cables should be especially suitable 
for horizontal land and submarine installations. Manu 
facturing, transport, and laying problems are partly new 
and seemingly difficult, but their great simplicity might 
be an inducement to practical investigations on such 
cables. 

Experiments on the Pneumatic Handling of Powered 
Materials. 

By L. Kovacs and J. Toru. (From Gep, Hungary 
10, No. 2, 1958, pp. 59-66, 14 illustrations.) 

THe development of pneumatic handling of granular 
and powdered materials has been very marked in recent 
years, and is often connected with cleaning, grading, and 
drying processes. Lower capital costs, casier mainten 
ance, decrease in manpower required, and ereater safety 
are the miin advantages of this type of handling 

The failure of a mechanical handline system in a new 
Hungarian chemical plant induced the Technical Univer 
sity of Budanest to carry out experiments on the pneu 
matic unloading and transport of raw phosphates. A 
small pilot plant was built, delivering the phosphates 
from railway wagons through a suction head and a flex 
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Electrical Aids in Industry 


Electro-Heat 


The ways in which electricity can be used to 
advantage in industry are many and varied. 
Some are well known but others are not known 
well enough. For this reason the Electrical 
Development Association has prepared a series 
of detailed data sheets on various applications 
which will be printed in this journal from time 
to time. 

This Data Sheet is the first of a number 
devoted to electro-heat — that is, heat produced 
by electricity for the processing and treatment 

O of materials. Other uses will be dealt with later 
on in the series. 

There is an unalterable physical law that the 
efficiency of conversion of electrical energy to 
heat energy is 100 per cent. The same cannot 
be said of the efficiency of combustion of any 
solid or liquid fuel. 

All the applications of electro-heat have these 
advantages in common:— 

1 Electro-heat is clean both in regard to its 
application and the method of generation. 

2 It can easily be controlled more precisely 
than any other form of heat, manually or auto- 
matically. 

3 It can be brought to the job instead of having 
the job brought to it. 


4 It permits better use of floor space and the 
elimination of unnecessary handling. 


5 In many of the newer processes it is the only 
possible form of heat which can be used. 


6 It often ensures a higher quality of products 
with fewer rejects. 


7 It gives the best working conditions. 


8 It effectively reduces or eliminates fire and 
explosion hazards. 





Below will be found brief notes on some of the 
various methods of generating heat by electricity. 


O Resistance Heating 


This is the best known form 
of electric heating. The 
elements provide a high 
resistance to the passave of 
electricity and thus heat is 
generated. It can be used in furnaces for melting 
or heat treatment of any material whether metal 
or not, or the resistance of the workpiece itself 
can cause the generation of heat. 





‘ves 
Induction Heating o 
Eddy currents are induced in 
the surface of a conducting 
workpiece, heating it up. The 
depth to which this heating 
will penetrate is determined by 
the time it is given. 


‘ 
~ 
— 
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Data Sheet 0. 


High-frequency Dielectric Heating 

This form of electro-heat can be used only on 
non-conducting materials such as wood, plastic 
and rubber. The material is placed between two 
electrodes to which a high 
voltage is applied at a high 
frequency. This has the —>—y, 
effect of generating heat 
inside the material rapidly = 
and uniformly throughout 
its entire thickness. 
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Infra-red Heating 

This method employs pure radiant heat. The 
bulk of the radiation takes place in the infra-red 
portion of the radiation frequency spectrum. 
The heaters may take the form of reflector 
lamps or sheathed wire elements. The method is 
extremely flexible and has many uses, including 
paint drying and pre-heating plastics. 
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Arc Melting 


This form of heating is chiefly used for melting 
steel. The diagram illustrates one method of 
operation. Very large charges can be melted; 
melting units of 200 tons capacity are now in 
operation. 
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The Application of Electro-Heat 


All these methods of electric heating can be 
applied in almost an infinite variety of ways. 
Some of these ways will be dealt with in sub- 
sequent sheets. 


1 
4 For further information, get in touch with | 
| your Electricity Board or write direct to the ! 
! Electrical Development Association, 2 Savoy 
! Hill, London, W.C.2. H 
Excellent reference books on electricity | 
j and productivity (8/6 each or 9/- post free) 
1 are available—‘Induction and Dielectric H 
| Heating” is an example; “Resistance Heat- | 
! ing” is another. I 
I E.D.A. also have available on free loana |! 
series of films on the industrial use of 
j electricity. Ask for a catalogue. 4009/2 | 
Lu 
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ible hose to a cyclone. A rotary feeder was used to direct 
the material from the outlet of the cyclone to the delivery 
line whilst the used air was exhausted through a filter unit. 

During the tests, 40,000 measurements were taken of 
the pressure-drop on the suction and the delivery side, 
including the frictional resistance of the cyclone and 
pipe walls, and the velocity of air through different parts 
of the equipment. It was found that the speed of the 
handling process was not affected by the water content 
of the material delivered, and the efficiency of the plant 
could be greatly improved by using various sizes of pipes, 
according to the quality of the phosphates handled. Also, 
pneumatic handling considerably improved the uniform- 
ity of grain size of the phosphates and made the subse- 
quent physical and chemical processing much more 
effective. The experiments also supplied the necessary 
data for the design of full-scale pneumatic equipment for 
the handling of raw phosphates. 


Welding of Molybdenum-Alloy Sheet. 

By K. M. Kuuiu and W. H. Kearns. (From The Welding 
Journal, U.S.A., Vol. 37, No. 10, October 1958, pp. 
440s—444s, 9 illustrations.) 

MOLYBDENUM weldments are subject to porosity and 
loss of ductility at room temperature unless extreme care 
is exercised during welding. Poor room-temperature duc- 
tility has been found to be a function of oxygen and nitro- 
gen in the welds. The oxygen and nitrogen content of the 
base metal must be small, and the welding atmosphere 
must be controlled to prevent, as far as possible, con- 
tamination during welding. 

As described in this paper, tungsten-arc welds exhi- 
biting room-temperature ductility were produced in com- 
mercial 0-062-in. Mo-$°%,Ti alloy sheet. Tensile tests 
were made on welded specimens between 1600° and 
2200°F. The strengths of welded joints were comparable 
with those of recrystallized molybdenum but were signi- 
ficantly lower than those of wrought sheets. All speci- 
mens failed in the heat-affected zones. Nevertheless, the 
strengths were far superior to those of any cobalt- or 
nickel-base alloys currently available. The weld strength 


at 1800°F was 43,500 psi, decreasing to 23,000 psi at 
2200°F. The zones of weakness in welded joints at tem- 
peratures above 1800°F are the heat-affected zones, and 
the welded joints have sufficient ductility at 300°F to 
permit moderate forming. 


Corrosion of Metals in Tropical Environments. 

By C. R. SouTHWELL, B. W. ForGeson, and A. L. 
ALEXANDER. (From Corrosion, U.S.A., Vol. 14, No. 9, 
September 1958, pp. 55-59, 8 illustrations.) 

In this paper are reported the results of eight-year tests 

made to determine the corrosion characteristics of ten 

structural steels exposed to five natural tropical environ- 
ments, such as marine and inland atmospheres, fresh- 
water immersion, and continuous and mean-tide sea- 
water exposure, in the Panama Canal zone. Of the ten 
commercial-type steels evaluated, four were high-strength 
low-alloy steels, two were high-tensile chromium steels 

(one of 3% and the other of 5°/, chromium content), one 

was a 2%, nickel boiler steel, one was a 5%, nickel steel, 

and two were low-carbon steels (one copper-bearing and 
one unalloyed). 

The corrosion rates observed were compared with 
existing data for the same materials in temperate zones, 
and the paper includes a summary of individual analyses 
of air samples obtained at atmospheric test sites, as well 
as extensive weight-loss and pitting data for the ten steels 
at intervals of exposure of 1, 2,4, and 8 years. Numerous 
time-corrosion curves in tropical marine and tropical 
inland exposures are presented, considerable attention 
being given to the effect of low-alloy additions on mild 
carbon steel. 

The conclusions derived from this investigation may 
be summed up as follows :— 

(1) The corrosion of structural steels for an eight-year 
exposure was from 1:5 to 2:2 times higher in the tropical 
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marine atmosphere of the canal zone than in a temperate 
marine atmosphere, while the tropical marine atmosphere 
in Panama caused 1-7 times more corrosion weight loss 
than the tropical inland atmosphere. 

(2) No difference in type or extent of corrosion was 
evident between pickled and mill-scale surfaces on mild 
carbon steel in either of the tropical atmospheres 

(3) Copper-bearing steel was less effective in retarding 
corrosion in the tropical atmospheres than in temperate 
zones, and the corrosion of copper-bearing steel in the 
two tropical atmospheres was only 13 to 14°, less than 
that of the unalloyed mild steel. 

(4) The 2° and 5°, Ni steels were very effective in 
resisting corrosion, these steels being corroded, after the 
eight-year exposure, from 45 to 59°, less than the copper- 
bearing steel. 

(5) The corrosion resistance of the chromium steels 
was comparable with that of the nickel steels, the $' 
chromium steel proving slightly superior to both nickel 
steels in the marine exposure and appreciably better at 
the inland location, whereas the 3°,, chromium steel gave 
slightly better results than the nickel steels in the inland 
atmosphere but poorer results at the marine location 

(6) The four low-alloy steels displayed good resistance 
to tropical atmospheric corrosion, their weight loss over 
eight years being from 36 to 49°,, less than that of the 
copper-bearing steel. The difference in corrosion resist- 
ance of the four low-alloy steels was insignificant. 


Experimental Investigation into the Effects of Cross Flow 
with Condensation of Steam and Steam-Gas Mixtures 
on a Vertical Tube. 

By T. FuRMAN and H. Hampson. (From a paper pre- 
sented at a meeting of The Institution of Mechanical 
Engineers, London, November 14, 1958, 15 pages, 12 
illustrations.) 

IN condensation it has been clearly shown that two 

** ideal ” modes exist. The rate of heat transfer for the 

dropwise mode has been found to be several times the 

values obtained with filmwise condensation. The reason 
for the relatively low values of heat-transfer coefficients 

with filmwise condensation is due to the formation of a 

continuous condensate film over the condensing surface, 

through which the latent heat of vaporization has to be 
conducted. When non-condensable gas is present, an 
additional layer of gas “film” is formed next to the 
liquid surface, offering further resistance to heat flow 

The reduction in the thickness of these films is therefore 

of prime importance for efficient heat transfer in con 

densers. 

The subject of the investigation described in this 
paper was the magnitude of variation in heat-transfer 
rates with cross-flow velocities, for filmwise and dropwise 
condensation of pure steam and steam-gas mixtures 
using a single tubular condenser. Velocities vp to 150 fps 
and gas (nitrogen) concentrations up to 6°. by weight 
were obtained in the test section. A double-walled duct 
construction was chosen. The test tube was visible from 
three sides, and the heat losses from the test section were 
made negligible by passing the returning uncondensed 
steam on both sides of the section. The investigation was 
limited to steam and steam-gas mixtures at near atmos 
pheric pressure, condensing on a vertical tube. The range 
of heat loads with “ pure “’ steam for the filmwise tests 
was 20,000 to 290,000 BTU /sq ft-hr and for the dropwise 
tests 115,000 to 320,000 BTU ‘sq ft-hr. 

For both filmwise and dropwise condensation (except 
for the effect of gravity on drainage) the condensate indi 
cated types of flow round the tube similar to those of 
single-phase flow, with break-away also developing in the 
same way as with single-phase flow. 

For all gas concentrations used and with filmwise con 
densation, considerable improvement of the overall co 
efficient was shown for cross-velocities up to about 6000 
Ib/sq ft-hr (about 50 fps) ; with dropwise condensation 
significant improvements were shown up to velocities 
rather higher than this value 
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GOODYEAR 
HAND-BUILT 
HOSE tor 


every suction job 


Long service in exacting conditions has time and 
again proved the superiority of Goodyear Hand- 
built Hose for suction and discharge duties 
whether it be water, chemicals, foods, beverages, 
sand orgravel. Skilfully designed and constructed, 
the hose has multiple plies of high-strength 
closely-woven fabric with a helix of round steel 
wire to provide reinforcement against collapse 
and crushing. Most types can be supplied in any 
length up to 60 feet. 

Whatever the service, Goodyear Hand-built 
Hose is first choice for tough, long-lasting, low- 


cost operation. 


Goodyear Water Suction and Discharge Hose is duty service, especially when the water is corrosive, 
manufactured in three types—with smooth-bore with rough bore for general service, and with 
and fully embedded reinforcement for heavy semi-embedded wire for heavy duty applications. 





GOOD, YEAR 


industrial Rubber Products 
TRANSMISSION & CONVEYOR BELTING - V-BELTS - HOSE + FENDERS 


The Goodyear Tyre & Rubber Co. (G.B.) Ltd + Industrial Rubber Products Division +- Wolverhampton 
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NEW TYPE OF HOT-BLAST WELDING 
TORCH 

Producing a quiet, small-diamei.7, highly concen- 
trated flame with a temperature in excess of 2000°C, a 
new type of hot-blast welding torch announced by the 
BBS Development & Manufacturing Co., of Bristol, not 
only has the advantage of low initial cost but also of 
low operational costs, i.e., about one-third that of oxy- 
acetylene welding and about one-half that of oxy-coalgas 
welding. Furthermore, it operates from town-gas mains 
at normal pressure, with air at 0-5 psi, total gas consump- 
tion being about 14-5 cu ft per hour and air consumption 
7-2 cu ft per hour. 

Basically, the unit is a preheated gas-air torch, in 
which the hot-blast flame is fed with preheated primary 
air and preheated coalgas (a model operating on bottled 
butane gas is also available), part of the gas being burnt 
separately in a preheat unit integral with the body of the 
torch and so heating the rest of the gas and the primary 
air to a red heat before they reach the mixing point, at 
which, as in the conventional torch, the central air jet is 
surrounded by gas, after which the joint stream flows 
through a short (red-hot) venturi tube on which the flame 
is based. The flow is streamlined, so that mixing is by 
diffusion, which is only partly completed in the venturi, 
through which the gases pass in less than | millisecond. 

The resulting flame—essentially a diffusion flame 
has a double structure, consisting of a central, internally- 
maintained flame of red-hot gas burning in the atmo- 
sphere. The internally-maintained flame is self-striking, 
cannot be blown out, and will continue to burn if the 
torch is played into an inert atmosphere, since with 
the preheat used (750 C), the gas and air must begin to 
burn as soon as they meet. This flame is complete in a 
length of 4to 5cm. The external flame, which is not self- 
striking, since it is burning in cold external air, is much 
longer, especially if excess gas is used to give a reducing 
flame, when it may be as long as 45 cm. The two flames 
blend into one another a few centimetres in front of the 
venturi, and this is the point of the greatest heating power. 
The flame is here about 5 mm in diameter and broadens 
slightly further out. 








The flame is markedly hotter than an ordinary gas-air 
torch flame, and is suitable for such applications as high- 
temperature brazing, including copper brazing and 
brazing of thin steel sheets, magnesium and silver solder- 
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ing, and autogenous welding of brass, aluminium, and 
aluminium-magnesium alloys. In this connection, the 
presence of the inert constituent and reducing conditions 
have facilitated welding and flame-brazing of aluminium 
alloys which are normally difficult to weld, even with 
oxy-acetylene. 


FLOW-CONTROL VAL wd _FOR LIQUIDS AND 
GA 

Intended for use in aie to control the flow of 
liquids or gases, the new range of * Full-Flow ” valves 
introduced by Hydraulics and Pneumatics Ltd., of 
Wolverhampton, Staffs., is available with diameters 
ranging from ¥ to 4 in. and for pressures between 140 
and 5000 psi. 


- 


* 
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The shut-off unit of the valve is a spherical metal ball 
through which a hole is drilled. In the open position, this 
hole registers with the bore of the pipe, permitting un 
restricted flow without turbulence. The ball is mounted 
in two annular discs, concentric with the pipeline, form 
ing a seal when the valve is closed. Closure of the valve 
is effected by rotation of the ball via a spindle which 
passes through a seal above the ball and fits into a cruci 
form slot. Stops limit rotation of the spindle to an angle 
of 90 deg. between the fully open and fully closed posi 
tions, this 90-deg. movement simplifying remote control 
by hydraulic, pneumatic, or mechanical means. By re 
setting the spindle in the cruciform slot, the valve may be 
adjusted for clockwise or anticlockwise rotation for 
closure 

The operational life of the valve is long, and mainten 
ance is extremely simple, as only the seals, which are 
available in a range of materials to suit varying require 
ments, are liable to wear, and these can easily be replaced 
Furthermore, all moving parts are chromium-plated, to 
resist corrosion and the consequent possibility of sticking 


MULTI-PURPOSE PINCH VALVES 

In the new range of multi-purpose pinch valves pro 
duced by W. H. Rowe & Son Litd., of Southampton, a 
die-cast construction has been employed for the first 
time in this type of valve for both the casing and internal 
components. In addition, specially designed reinforced 
sleeves are used, all of which are suitable for internal 
pressures up to 100 psi. These sleeves are available in 
four grades of natural-rubber or synthetic-rubber mater 
ials, 1.c., for general-purpose duties, for abrasive mater 


ials, for food products (including alcohol and milk), and 
for petroleum products, tar, and ammoniacal liquors 

m The aluminium-alloy die-cast casing is split on its 
vertical axis for ease of assembly and servicing, and 
completely encloses the flexible sleeve and operating 
The closing mechanism consists of two die 
spindle, and a 


mechanism 
cast aluminium-alloy anvils, a screwed 
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The versatility of 
Ferobestos springs from its many 
exceptional qualities 

great physical strength 

high strength to weight ratio 
high temperature resistance 
low moisture absorption 

good chemical resistance 

high wear resistance 

good electrical resistance 

high dimensional stability 

low coefficient of friction 














Wearing 
Slippers 
made of 

Ferobestos 
















Wearing slippers is only one of the 
engineering applications of Ferobestos— 
the versatile, asbestos-reinforced plastic 
material. Here are just a few more of the 
ways Ferobestos can be used :— 


Bushes 

Coupling Discs 

Bearings 

Guides 

Gears & Rollers 

Piston Rings 

Mounting Pads 

Compressor Blades 

Thrust Washers 

A number of special grades of Ferobestos 
are made for particular applications 
including silicone impregnated for 
greater heat resistance, and graphite 
impregnated for more efficient 


lubrication. Ferobestos gear wheels 
ensure silence in operation. 


Ferobestos can be supplied from stock in 
sheets, rods, and tubes. Special 
mouldings can be made to order. We 
shall be glad to recommend and advise 
on the possibilities of Ferobestos as 
applied to any particular industry. 


J.W. ROBERTS LTD 


Chorley New Road, Horwich, BOLTON, Tel: Horwich 840 
Branch Sales Offices: LONDON, GLASGOW, BIRMINGHAM, LEEDS. 
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handwheel, which operate to compress the sleeve equally 
from both sides. The screwed spindle has two right-hand 
threaded portions, the lower thread being twice the pitch 
of the upper section. The upper fine-pitch thread engages 
in a robust nut which is trapped in recesses formed in 
each half-casing, while the lower coarse thread engages 
with the rising bridge, which is connected by two rods to 
the lower anvil. In turning the handwheel clockwise to 
close the valve, it drops towards the top of the casing by a 
distance equal to one half of the valve bore, and in dung 
so provides a ready external indication of the position 
of the valve. At the same time, the coarse-threaded 
section of the spindle causes the bridge and lower anvil to 
rise a similar amount, pinching the sleeve equally about 
its centre-line. These valves are available in sizes from 
1 to 3 in. bore, the 2-in. valve being illustrated. 


HIGH-PRECISION BALL BEARINGS 

To extend their existing range of high-precision ball 
bearings, the Split Ballbearing Division of MPB, Inc., of 
Lebanon, N.H., have introduced two new series of thin- 
section instrument ball bearings, types TWF and TWA, 
which are manufactured in twelve sizes with bores rang- 
ing from § in. to 3 4 in. 

In the type-TWF bearings, integral shields are formed 
by extending the lands of inner and outer rings to within 
a few thousandths of an inch of each other. The close- 
clearance annulus created fills with lubricant and func- 
tions as an effective seal without the friction of contact 
seals. The ball races are of the deep-groove type with 
continuous shoulders. To permit full utilization of poten- 





NOVEMBER, 


1918 


Volume 19, No. 11 


tial thrust capacity of the bearing, no filjing slots are em- 
ployed. Maximum radial and two-directional thrust 
capacity is ensured by the use of full ball complements, 
and the closely spaced balls make the bearing ideal for 
applications where high static capacity is required, or 
where oscillating movement is present. 

The contruction of type-TWA bearings is similar to 
that of type TWF, but alternate balls are undersized, 
acting as separators for the load-carrying balls and re- 
ducing torque in the bearing. 


CIRCUIT-BREAKER WITH DUAL SAFETY 
FEATURE 

Incorporating solid-silver contacts and with all 
electrical components mounted on a porcelain base 
housed in a robust metal case as a protection against 
accidental damage, the new “ Sicura Ticino” circuit- 
breakers introduced by Bassani S.p.A., of Milan, include 
a novel dual safety feature which not only facilitates servic- 
ing and inspection, including changing of fuses, but also 
ensures that current is cut off before such operations can 
be carried out. 


\- 


When the lever is depressed to the * OFF " position 
as shown in the illustration, the safety-cover A can be 
raised after releasing screw B, exposing the fuses for easy 
and rapid replacement. Similarly, the second safety 
cover C can be dropped by releasing screw D, exposing 
all components of the circuit-breaker for easy servicing 
and inspection, without, however, any danger from 
shock, as all live connections are further protected by an 
insulating shield. 





PNEUMATIC SIZE-CONTROL EQUIPMENT 

Stated to provide a completely flexible control for 
grinding, fine turning, and other manufacturing processes 
where accurate finishing sizes are required, a new pneu 
matic size control, designated Model 88, has been deve 
loped by Teddington ‘Industrial Equipment Lid., of 
Sunbury-on-Thames 

The complete equipment comprises two units, i.¢., a 
gauging head which is fixed to the machine, and a separate 
control unit, which receives pneumatic signals from the 
gauging head. The control unit houses all the pneumatic 
and electrical components for the measurement and con- 
trol of size. The signal from the gauging head operates 
pneumatic/electric relays of a new design, and these, in 
turn, operate electric relays, each of which has a pair of 
change-over contacts, wired to the machine controls to 
provide the required control action. Either two or four 
output relays are provided ; cach of these is adjustable 
and can be set to operate at any point in the range of the 
instrument. Thus, for example, on a grinding machine 
the work cycle could cosimence with a coarse feed, chang 
ing to a slower feed at a predetermined point, with a 
wheel-dressing operation initiated, where required, and a 
final spark-out to size. The final relay could be set at the 
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Synchronising 
AUTOMATICALLY 


Overall dimensions : 114" x 8 x 8 





* e 
The new Austinlite Synchronising Unit cuts out Lipnlite 
the need for complex and time-taking precautions when switching an 


A.C. generator into an already running A.C.system. The Unit detects 
voltages, phases and frequencies and when these are all in step with ELECTRICAL 
the system the generator is paralleled and can be safely switched in. 
More than this, with auxiliary apparatus additional generators can be EQUIPMENT 
automatically started up, synchronised, and connected with the 
system—and later disconnected—as the power demand fluctuates. The 


Austinlite Synchroniser can again be combined with other apparatus Tailor made by 

to form a load sharing device between two paralleled generators. STONE CHANGE LTD 
Simple in design, the Austinlite Synchroniser is self-contained, built “ , 
on a small chassis suitable for back-of-panel mounting. Installation 

is an easy matter; little or no maintenance is required. It can, if (makers of Sumo Pumps and 
required, be used as a conversion unit with existing generating plant. Stone-Chance Lighthouses), 
Let us give you a more detailed description of this unit. CRAWLEY, SUSSEX. 








A79 THE ENGINEERS’ DIGEST 











lower tolerance limit to prevent the production of out- 
of-tolerance parts. Three light signals (red, amber, and 
green) are prcvided which operate in sequence with the 
relays. 

The equipment has an adjustable amplification, and 
may be used for any full-scale range from 0-001 to 0-004 
in. For special applications, lower amplifications can be 
provided. The pneumatic/electric relays are stated to be 
so sensitive that, when used with the highest amplifica- 
tion (5000), they will operate on a size change of less than 
0000005 in. 





Three types of standard gauge heads are provided, 
each of which is adjustable over a wide range of sizes 
For external grinding between centres, an adjustable 
external caliper gauge is mounted on the wheel shield. In 
the case of through-feed centreless grinding, a “* post- 
process ’’ gauge is used, the head of which is mounted 
in such a way that it can check the workpiece as it leaves 
the work-rest. Where the parts leave the machine in a 
continuous stream, an adjustable-trend gauging head is 
used, which is available in two sizes, one covering 4 to 
14 in. o.d., the other from 14 to 3 in. o.d. When the parts 
leave the machine at intervals, or where the surfaces of 
the work are interrupted by flats or undercuts, timed 
gauging is used. This ensures that control signals are fed 
to the machine when a workpiece or a full-diameter 
section of the work is in the gauging position. The timed- 
gauging head is a caliper unit, adjustable from 4 to 3 in 
and fitted with a lever-operated microswitch which pro- 
vides the timing impulse. As an alternative arrangement, 
a separate air jet can be mounted on the caliper, giving a 
pressure impulse to the control unit when a part ts in the 
gauging position. In addition, special-purpose gauging 
heads for in-feed centreless grinding and internal grinding 
machines can be provided. 


MERCURYLESS DIAPHRAGM METER 
A new mercuryless diaphragm meter, for accurate 
measurement of a range of differential pressures from 20 
to 200 in. of water at static pressures up to 2000 psi, has 
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been introduced by Foxboro-Yoxall Ltd., of Redhill 
Surrey. 

This new instrument, designated Type 37, has a 
number of special features, including a frictionless 
flexure using a pivoted drive unit of exceptional sensi 
tivity, positive protection against over-range with no zero 
shift, a simple method of range change, built-in tempera 
ture compensation for all differential ranges, and full 
range damping which is adjustable under pressure 

An entirely new and flexible diaphragm assembly is 
used for the measurement of differential pressure. Pre 
formed discs are welded by a special process and shaped 
to nest into the adjacent disc, and each is welded to a 
spacing ring. Excess pressure in either chamber will com 
press the diaphragm assembly until each pair of dises is 
nested and the spacing rings have contacted to form a 
metal-to-metal stop This assembly is stated to have 
greater flexibility and higher sentitivity per unit length 
with less spring rate, than any spun or hydraulically 
formed bellows for equivalent service 

The drive unit is constructed of solid rods, joined by 
a metal flexure, and forms a direct connection between 
the diaphragm assembly and the pen lever. The fulcrum 
is formed of two similar flexures, and the seal is a flexible 
bellows capable of withstanding pressures 50°., above 
the meter rating. This drive transmits the smallest mea 
surement changes to the pen with extreme accuracy 


TRANSISTORIZED AIRBORNE COMPUTER 

Stated to be the first all-transistor airborne computer 
in the world and to operate ten times faster than any 
commercially available airborne computer, the Philco 
* Transac  C-100 series computer announced by the 
Philco Corporation, of Philadelphia, Penn 
to handle all computational requirements necessary for 
the control of a jet aircraft from take-off to landing 
Furthermore, the use of transistors has reduced the siz 
of the computer to less than 3 cu ft, its weight to about 
150 Ib, and its consumption to only 60 W dc 


is designed 





A typical C-100 series computer contains about 4500 
transistors, 2300 resistors, 280 capacitors, and 20 core 
memory planes. Acceptance, processing, and delivery of 
data are effected in accordance with a stored digital pro 
gramme, the drum storage being capable of retaining 
from 1500 to 5000 instructions or numbers 

Among other control applications of this computer 
are auto-pilot, air data (speed and altitude), crume con 
trol (proper altitude for high fuel efficiency), automatx 
navigation, and engine performance In addition, i 
constantly analyses its own operations and, in the case of 
a military jet aircraft, can also compute weapon delivers 
and interception. It should, however, be appreciated 
that, apart from aircraft control, the computer, whict 
will operate under adverse temperature conditions and 
can withstand severe shocks and vibration, can also b« 
used for other mobile or industrial control applications 
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Engine air 
filtration 
without 
maintenance 


Reciprocating engines and air compressors attain 
their higher efficiencies through the use of smaller 
working clearances and relatively high speeds of 
revolution. Clean air, essential to such high 


performance machines, is reliably obtained at 





low cost through Rotonamic filtration. 





Graph of Rotonamic efficiency percent- 
age plotted against dust particle size. 

















Air entering a Rotonamic panel 
at A is centrifuged at speed by 
the helical vanes. 10% of the 
air conveys dust to the bleed-off 
tube at the base of the panel. 
The remaining 90°, cleaned 


The illustration shows 

a Rotonamic panel 
comprising multiple 
Static vanes which 
impart a whirling motion 
to the air entering the 
panel. The dust is 
centrifuged from the air 
and is bled off to 
atmosphere or dust bin. 


EFFICIENCY-PERCENT 












1 7 . . 
° and filtered, reverses direction, 


PARTICLE SIZE — MICRONS enters the tube and exits at 
Point B. 





Rotonamic air filters are self-cleaning and have no working parts to wear. These filters are 


extremely efficient and easy to maintain. Please write for leaflet FRC9. 


Rotonamic filters are made in England by Intermit Limited 


for high efficiency at low cost... interpose an 
INTERMIT Far-Air Rotonamic 
BRADFORD STREET + BIRMINGHAM 5 - PHONE MIDLAND 7961 is eg 


TTT) 
BIRFIELD GROUP 
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NEWS OF THE MONTH 








PERSONAL 


Mr. Leonard Baker, M.I.Mech.E., A.M.I.P.E., has 
been appointed deputy managing director of Coventry 
Gauge & Tool Co. Ltd. 


Wickman Limited announce that Mr. J. Hodkinson 
has been appointed a director of the company with 
overall responsibility for its machine tool interests. He 
will retain his present appointment as managing director 
of Machine Tools (India) Private Ltd., a company 
associated with Wickman Limited. 


Mr. H. E. Cooper, B.Sc. (Hons.), has been appointed 
managing director of G. A. Harvey & Co. (London) Ltd. 

. P. T. Bliss, sales director, will retire on December 
31; he will be succeeded by Mr. I. A. Marriott. 


British Physical Laboratories announce the appoint- 
ment of Mr. D. J. Davis as their sales manager in succes- 
sion to Mr. D. G. Ashton Davies, who is taking up an 
appointment with E.M.I. Electronics Ltd. 


Mr. J. F. Morton, formerly works manager, has been 
appointed to the board of Herbert Hunt & Sons Limited 
as works director. Mr. R. H. Carter has been appointed 
sales manager. 


Sigmund Pumps Limited announce that Mr. H. P. 
Lord, A.F.C., B.Sc., the present general sales manager, 
has been appointed to the board of the company. 


Keelavite Hydraulics Limited announce that Mr. 
N. B. Brooks, M.C., has recently joined their board of 
directors. 


Mr. Edward Tauchert, M.1I.Mech.E., F.B.H.I., 
formerly works director, has been appointed managing 
director of Venner Limited. 


Babcock & Wilcox Limited announce the appoint- 
ment of Mr. J. H. Prole as assistant manager of ‘he 
company’s Mechanical Handling Division. 

Mr. I. F. Fisher, M.B.E., has been appointed general 
works manager of British Timken Limited, in which 
position he will be responsible for the management of 
their factories at Duston and Daventry. He was formerly 
works manager at Duston, where he will be succeeded by 
Mr. S. H. Jakeman. 

Viscount Falmouth has been re-elected president of 
The British Internal Combustion Engine Research 
Association. Sir Harold Roxbee Cox, Mr. H. N. Pem- 
berton, Professor O. A. Saunders, and Brigadier S. A. 
Stewart have been re-elected vice-presidents. Rear- 
Admiral W. F. B. Lane has also been elected vice- 
president. Mr. G. B. R. Feilden and Mr. V. H. Hopkins 
have been elected to the Council in succession to Mr. 
G. W. Bone and Mr. A. C. Yeates, who retired by rota- 
tion. Mr. B. D. Giordan will be chairman, and Mr. 
Hopkins vice-chairman, of the Council. 


James Hodgkinson (Salford) Limited, who recently 
acquired Bennis Combustion Limited and J. & J. Neil 
(Temple) Limited, announce that Mr. R. Yeoman has 
been appointed general manager for the foundries of the 
group. 





MR. HOWARD CLAYTON-WRIGHT 





It is with deep regret that we announce the death, 
following a short illness, of Mr. Howard Clayton-Wright, 
on September 26, at the age of 71. Mr. Clayton-Wright 
was chairman of Howard Clayton-Wright Ltd., of 
Wellesbourne, Warwickshire. 
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BUSINESS NOTES 


Blaw Knox Limited, of London, announce the form- 
ation of a new affiliated company, the Blaw Knox 
Chemical Engineering Company, Limited, with registered 
Offices at 90/94 Brompton Road, London, S.W.3 
Owned jointly by Blaw Knox Limited and their Associ- 
ates, the Blaw-Knox Company of Pittsburgh, Pa., the 
new company will design, engineer, and erect process 
plants, as well as process equipment, for the chemical 
and petroleum industries and will serve and develop the 
British and overseas markets. 


It is announced by Keelavite Rotary Pumps and 
Motors Ltd. that the name of the company is now 
Keelavite Hydraulics Ltd. The address and telephone 
number of the company remain unchanged. 


Booker Brothers, McConnell & Co., Lid. announce 
that Bookers Engineering Holdings Ltd. (a member of 
the Booker Group of companies) has purchased 90°, of 
the issued share capital of Sigmund Pumps Ltd. Mr 
Miroslav Sigmund, the managing director of Sigmund 
Pumps Ltd., retains a 10°, interest in the company and 
remains managing director. 


It is reported by Wickman Limited that they have 
acquired a majority holding in Brasmac Industria e¢ 
Comercio S/A, of Sdo Paulo, Brazil, with a view to 
furthering the Wickman Group's exports to, and expand 
ing their tungsten carbide interests in, this industrial 
market. 


Fredk. A. Power & Sons (Box Strappings) Lid., of 
Landor Street, Birmingham 8, will in future be known as 
Power Strappings Systems Ltd. Policy and management 
remain entirely unchanged. 


As their diesel engines are complementary and jointly 
represent a power range of 20 hp and above, The English 
Electric Company Limited and W. H. Dorman Limited, of 
Stafford, have entered into an agreement whereby cach 
company will promote the sale of the other's products 


Alfred Herbert Ltd., of Coventry, have been appointed 
sole selling agents in the U. K. and Eire for the planing 
machines and equipment manufactured by Planers 
(Huddersfield) Ltd. 


A new manufacturing agreement is announced be 
tween Armstrong Siddeley Motors Litd., of Coventry, and 
Clark Bros. Co., division of Dresser A.G., a leading 
American manufacturer of gas turbines and heavy com 
pressors. The terms of the agreement provide for licensed 
manufacture in the U.K. of gas turbines designed and 
made in the U.S.A. by Clark Bros 


Flexibox Limited, of Trafford Park, Manchester 
announce that they have appointed John Turner & Co., 
of 25 Collingwood Street, Newcastle-upon-Tyne, as 
agents for the North-Eastern area of Great Britain 


An international group has been formed for the 
manufacture and sale of the Casinghini patent “* Tanker 
heat " cargo-heating system for tankers, the members 
being E. Green & Son Lid., of Wakefield, F. Casinghini 
Economizzatori Green, of Milan, S.A. L'Economiseur 
Green, of Paris, and Green Fuel Economiser Co. Inc., of 
Beacon, N.Y. The Green companies in Britain, France 
and the U.S.A. will manufacture in their respective 
countries standard * Tankerheat elements similar to 
those designed and manufactured by the Italian company 
and technical and commercial liaison has been established 
between the members of this group and their associated 
companies 
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...in the design, 
manufacture and 
industrial application of 4 


Hydraulic Variable Speed Gears 


Compact, efficient, e¢@fomical hydraulic drives capable of 
giving a stepless speed Variation from input speed down to 
(): 251 zero r.p.m. with sensffi#ve accurate gontrol by Handwheel, 
<3 L.p. up Remote Electfieal or Lever arrangements. 
om Carter Gears may be uge@d to pick up loads from zero r.p.m. 
to 32 h -p- and the speed control setting may be adjusted with the drive 
rumming or stationary. 





Write for current BRADFORD 3 


technical publications Carter Gears Limited YORKSHIRE 
quoting No. 658 ENGLAND 


‘phone: Bradford 64378 (3 lines) 
‘grams: ‘Became’ Bradford Telex. 
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CONTRACTS 


The Incandescent Heat Co. Ltd., at Smethwick, has 
recently been awarded a contract worth more than 
£500,000 for a large coil-annealing installation at the 
new steelworks of the Sociedad Mixta Siderurgia Argen- 
tina (SOMISA). The order, obtained against strong 
continental competition, is for 25 single-stack coil- 
annealing furnaces with 72 bases, 32 forced-cooling hoods, 
and 3 exothermic gas atmosphere plants, each rated at 
10,000 cfh. The furnaces are built to the design of the 
Lee Wilson Engineering Co. Inc., of Cleveland, U.S.A., 
for whom Incandescent are manufacturing licensees. The 
plant will handle coils up to 60 in. in diameter in stacks 
up to 168 in. in height, and will anneal annually 300,000 
tons of cold-reduced sheet and tinplate. 


The Independent Television Authority has placed a 
substantial contract with E.M.I. Electronics Ltd., for 
what will be the tallest television aerial mast in the Com- 
monwealth. The 1000-ft mast will be situated at Mendle- 
sham, Suffolk, and will carry ITV’s East Anglia pro- 
gramme from the studios of Anglia Television in Norwich. 
The order includes the supply and erection of the mast, 
the special directional aerial system, and the feeders from 
the transmitter. Known as the Mesny Type, the aerial 
system is of a special E.M.I. design not used before in this 
country. 

British Insulated Callender’s Construction Co. Ltd. 
are acting as sub-contractors for the design, supply, and 
installation of the aerial supporting mast ; the steelwork 
will be fabricated by Painters Bros. Ltd., of Hereford. 


A contract worth £500,000 for plant for a free-piston 
gas-turbine power installation has been awarded by 
Finland to National Free Piston Power Ltd. This will be 
the first free-piston gas-turbine power installation in 
Northern Europe. The free-piston gasifiers will be manu- 
factured by National Gas & Oil Engine Co. Ltd., of 
Ashton-under-Lyne, under licence from Alan Muntz & 
Co. Ltd., Pescara, and SEP, while the gas-expansion 
turbines will be made by the Brush Electrical Engineering 
Co. Ltd., of Loughborough. The plant, which will form 
an extension to the existing 6-MW steam station at 
Riihimaki, will consist of two 6-MW gas-expansion turbo- 
alternator sets and sixteen GS34 free-piston gasifiers and 
all the necessary ancillary plant. This new plant will be 
operated to meet peak loads, as well as doing stand-by 
duty to the base-load plant to supplement the Finnish 
hydro-electric grid supplying power to the industrial and 
rural area around the towns of Riihimaki and Hyvinkaa, 
about 100 miles north of Helsinki. 


INTEGRATED PRODUCTION CONTROL WITH 
THE HOLLERITH ELECTRONIC COMPUTER 

The first attempt in Great Britain to achieve integrated 
electronic-computer control of production planning pro- 
cesses and plant loading as a means to the more effective 
deployment of manufacturing resources is now in pro- 
gress in one of the British Tabulating Machine Company's 
main Letchworth factories and was recently demon- 
strated to the Press. 

Production control comprises a multiplicity of inter- 
related functions, involving programme breakdown for 
translation of a sales programme of end-product require- 
ments into a production plan for manufacture, plant 
loading to determine the total load per machine group 
available in each manufacturing period and to allocate 
time for specific machines and groups for carrying out 
various Operations, progress control for comparing actual 
and projected performance and adjusting discrepancies, 
and stock control to ensure availability of material. It 
will therefore be appreciated that an enormous number of 
calculations is needed to satisfy such requirements, and 
it is here that the Hollerith HEC general-purpose clec- 
tronic computer plays an invaluable part in solving the 
problems of production management. 
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Although actual operation of the Hollerith computer 
installation is as yet measurable only in weeks and, in any 
case, extends only to part of the British Tabulatirg 
Machine Company’ S$ production in Letchworth, the 
positive results so far achieved point unmistakably to 
ultimate benefits, which may be summarized as follows 

(1) The ability to give more rapid effect to varying 
sales demands and a consequently enhanced 
service to customers. 

(2) A much more rapid production programme 
change-over than has hitherto been achieved 

(3) A reduction in production time (within cycle time) 
to a realistic minimum. ; 

(4) The production of more accurate and more timely 
management information, including some signi- 
ficant data and a number of illuminating com- 
parisons not previously available. One effect of 
this has been a review of the volume and deploy- 
ment of sub-contracting commitments 


NEW FACTORY FOR SANDVIK SWEDISH 
STEELS LIMITED 

The new £250,000 Dandvik Swedish Steels Limited 
factory at Halesowen Birmingham, recenily opened 
officially by the Swedish ambassador to Great Britain, is 
attractively planned with an eye to fugure expansion 
Constructed on a site of approximately 2} acres, the 
premises are divided into three main groups, i.¢., admini 
Stration, production, and storage, each with its own 
ancillary services and spaces. 

The office block, with a total area of 18,200 sq fi and 
permitting a subsequent extension of 4000 sq ft, com 
prises office space and stores, a kitchen and dining-room 
a caretaker’s room and guest-room, a boiler-house and 
fuel store, and toilets and miscellaneous services. The 
works section, with a total area of 27,000 sq ft and per 
mitting an extension of 20,000 sq fi, consists of a garage 
a warchouse, a workshop, and toilets, etc The ware 
house and factory have a level floor area, flexible enough 
to be divided into heavy storage and light storage and 
production. The large area for heavy storage is served 
throughout by an overhead crane, the remainder of the 
area being served by fork-lift trucks. A special point is 
the provision of adequate heating and insulation so com 
bined as to ensure that no condensation occurs through 
out the year, thereby climinating the 
damage being suffered by products 


possibility of 


INCORPORATED PLANT ENGINEERS 


The transfer of the headquarters of the In§titution of 
Incorporated Plant Engineers from the Midlands to their 
new address at 2 Grosvenor Gardens, London, S$.W.1 
marks an important Stage in its progress, and it is inter 
esting to recall that, whereas membership at the end of 
1946 was only 120, it is now nearly 4000, of whom more 
than 500 are overseas, spread through mos countries int 
the world 

Education and training have been a main concern of 
the Institution from its inception, and the Education 
Committee (in February 1947) was one of the first to be 
appointed by the Council. This committee took a major 
part in he establishment of the City and Guilds of 
London Institute's Certificate in Plant Engineering 
(Course 187). Its other main activity has been the or 
ganization of the remarkably successful refresher courses 
for senior works and plant engineers, held cach winter at 
university level in various industrial centres 

The City and Guilds Course in Plant Engineering 
offers a syllabus with a less academic and more practical 
content than H.N.C. and, it is believed, is a suitable 
alternative for some young men with O.N.C. The course 
is based on the view that a plant engineer does not prac 
tise solely one of the three traditional branches of 
engineering, but needs as a foundation a broad general 
knowledge of all these and also of other subjects 
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MANUFACTURED BY THE TRANSMISSION SPECIALISTS. 
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Illustrating the extreme hardness of 
SINTOX Industrial Ceramic, the photo- 
graph on the right shows a 4” dia. tube of 
SINTOX which, without even chipping, 
— forced through 34” thick mild steel 
plate. 


SE, eeey & IN ENGINEERING 


SINTOX MECHANICAL APPLICATIONS. 
The many mechanical applications of SINTOX 
industrial ceramic will be of immense interest to the 
designer and mechanical engineer. The remarkable 
resistance to abrasion of SINTOX makes it 
particularly suitable for such uses as inserts and 
supports at points where rapid wear presents a 
problem. Already it has made a name for itself in 
the Textile industry, where the advent of artificial 
fibres brought entirely new problems. Thread 
guides made of SINTOX have been proved to have 
up to a hundred times the life of those made 

of hardened steel. 








SINTOX TECHNICAL ADVISORY SERVICE 


This service is freely available, without obligation, to those 
requiring technical advice on the application of Sintox 
Industrial Ceramics. Please write for booklet or any infor- 
mation required enclosing blue print if available. 


SINTOX IS MANUFACTURED BY LODGE PLUGS LTD., RUGBY. 
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NEW TECHNICAL BOOKS 





Gas Turbines for Aircraft. By Arthur W. Judge. 
446 pp., 220 illustrations. Publishers : Chapman & Hall 
Ltd., 37 Essex Street, London, W.C.2. Price : 60/-. 

Written with this well-known author's usual concise- 
ness and clarity, combined with a judicious use of 
numerous diagrams and photographs, this interesting and 
authoritative volume bridges the gap between the normal 
descriptive and elementary type of textbook and the more 
academic kind by considering briefly the history and 
development of the light gas turbine and then the results 
of theoretical and experimental investigations, followed 
by accounts of typical gas turbines and their component 
systems, e.g., the fuel, combustion, lubrication, starting, 
and control systems. In addition, the associated subjects 
of engine failure, maintenance, exhaust silencing, thrust 
reversal, high-temperature materials, and special types of 
gas turbines, including those for helicopters, have been 
considered. A section devoted to the elementary thermo- 
dynamics of the gas turbine has been included for the 
benefit of students and others who may be interested. 

It is realized, however, that with the considerable 
amount of technical information now available it is not 
possible to give more than a brief account of any parti- 
cular branch of the subject in a volume of this kind. 
Nevertheless, wherever considered necessary, the reader is 
referred for fuller particulars to the original sources of 
information, a list of nearly 150 such references being 
included. 


Automatic Measurement of Quality in Process Plants. 
326 pp., 124 illustrations. Publishers : Butterworths 
Scientific Lea mnee 4 & 5 Bell Yard, London, W.C.2. 
Price : - (postage 1/6). 

ee the proceedings of a Conference held at 
Swansea between September 23 and 26, 1957, by The 
Society of Instrument Technology, these edited papers 
provide a valuable and objective survey of the various 
techniques available for quality control in process plants. 
In this connection, one of the most striking industrial 
developments in recent years has been the progress made 
in the scientific processing of raw materials such as oil, 
cellulose, metalliferous ores, natural fats, rubber, leather. 
and food. With the rapid increase in the scale of 
these industries, the continuous process has provided the 
economic solution, bringing with it the increasing need 
for automatic control, with all the advantages it has to 
offer in speed, accuracy, quality of product, and saving 
in man-power. 

The papers, 25 in all, have been divided into six 
distinct sections, i.e., (1) The Adaptation of Laboratory 
Techniques to Plant Measurement (4 papers), (2) Some 
Techniques for Gas Stream Analysis (6 papers), (3) 
Liquid Stream Analysis (2 papers), (4) Spectrometric 
Methods (4 papers), (5) Some New Techniques for Fluid 
Stream Analysis (4 papers), and (6) Measurement of Some 
Physical Properties (5 papers). 


Aircraft and Missile Propulsion (Vol. I: Thermo- 
dynamics of Fluid Flow and Application to Propulsion 
Engines). By M. J. Zucrow. 552 pp., 199 illustrations. 
Publishers : John Wiley & Sons, Inc., New York, and 
Chapman & Hall Ltd., 37 Essex Street, London, W.C.2. 
Price : 92/-. 

This interesting and authoritative book is the first of a 
three-volume series which discusses the principles of the 
technology pertinent to turbo-prop, turbo-jet, ram-jet, 
liquid-propellant rocket, and solid-propellant rocket 
engines. As such, it provides students and practising 
engineers with an understanding of the functioning and 
operating characteristics of these engines fer the propul- 
sion of winged aircraft and missiles, guided and un- 
guided, at high speeds. 

The present volume is concerned with the thermo- 
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dynamics of fluid flow and its applications to propulsion 
engines. To ensure full understanding, Professor Zucrow 
has made special efforts to present the subject matter 
clearly. To this end, all derivations are explained in 
detail, copious references are provided at the end of each 
chapter, and an unusually large number of illustrative 
problems is worked out completely. In addition, numer- 
ous exercise problems, together with their answers, are 
included. 


Principles and Applications of Random-Noise Theory. 
By Julius S. Bendat. 446 pp., 106 illustrations. Publishers 
John Wiley & Sons, Inc., New York, and Chapman & 
Hall Ltd., 37 Essex Street, London, W.C.2. Price : 88 

Especially intended for students, research scientists, 
and practising engineers, this well-written book is a 
systematic development of fundamental topics, explaining 
the basic idea of random-noise analysis and optimum 
filtering techniques in easily understandable terms 
Methods are given of formulating certain difficult noise 
problems, of deriving their solutions, and of obtaining 
proper physical designs and interpretations, while the 
basic fundamentals are blended with material on prob- 
ability and statistics, so as to illustrate the importance of 
applying these factors conjunctively in the analysis of 
random noise. 

The presentation includes discussions on probability 
theory, random-noise analysis, random processes, engin- 
eering systems, correlation functions, power-spectral 
density functions, and optimum filters. A great deal of 
the material relative to power spectra, optimum prediction 
and filter theory, analogue computer techniques, detailed 
Statistical-error analysis for correlation measurements, 
advanced optimum time-variable designs, and the zero- 
crossing problem appears for the first time in book form 
The book also contains a full treatment of Rice's pre- 
sentation of random noise and its application to various 
problems. 





POLYTHENE 


COATED CLIPS 


_aw 





Proof against atmospheric corrosion and many 
chemicals, insulated, immune to mould, happy 
in temperatures up to boiling point, these 
clips have many uses. Sizes to grip range from 
} to 2 inches and colours available are black, 


white, grey, blue, red and green. 


THE LEWIS SPRING CO. LTD. 





Resilient Works, Redditch LEAVE (TT, 
Tel. Redditch 720. PBX. 
London Office: OF MEOO/TCON 


122 High Holborn, W.C.! 
Tel. Holborn 7470 & 7479 
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Classified Advertisements 


The rate for all classified advertisements is 9d. per word in bold 
print \s. per word; minimum order 10s. Box-number advertisements 
Is. extra. Semi-displayed advertisements on this page 60s. per single 
column inch. Instructions, together with remittance, must be received 
not later than the \st of each month for advertisements to appear in the 
same month's issue. 





APPOINTMENTS 


We want a Foreman Tool Maker to come in on the ground 
floor of a small new project for manufacture of eyelets and 
other pressings to close tolerances in special alloys. 


The man selected will be a potential Departmental Manager 
and will have considerable latitude in the selection of equip- 
ment and personnel to build up his department 


Only those who have the energy to make a success of such an 
assignment need apply. Other qualifications are widespread 
experience in tool design, manufacture and operation, an 
awareness of modern methods and the ability to profit from 
published developments 


There is a full order book for the new work, with the assur- 
ance of continuity for the foreseeable future and expansion 
can be expected once the section has proved its capabilities 


The company will adopt a generous attitude regarding re- 
moval, should this be necessary. A pension scheme is in 
operation. 

Applications, giving full details, please, 
Director, Box R.D. 11 


to the Managing 





ENGINEERING AND MARINE EXHIBITION 


Exhibition & Display Consultant with 25 years’ experience offers a 
complete Service to Exhibitors, including Design, Construction, Dis- 
play and Mechanical Features, Lighting, Floral Decoration, Erection 
and Dismantling, within the framework of your budget. All work 
under personal supervision to completion. 
Write or phone: J. J. CAVE, F.R.S.A., 
Phone : Euston 7723 


9 Fitzroy Square, W.1. 





MACHINERY ETC. 





OSMOND 
CUTTING OFF MACHINES 


A. & S. OSMOND, LTD. 
13 DOWRY SQ., BRISTOL 


Telephone : 
Bristol 27604 











DING-DONG 
HACKSAW BLADES 


ask YOUR DEALER FOR DING-DONG 


Manufactured by CHARLES BAYNES, LTD. 
BLACKBURN, LANCS. TEL. 6862 




















PRESSURE DIECASTINGS 


JOHN IRELAND (WOLVERHAMPTON) Ltd. 


Bilston Street, Wolverhampton. 
Telephone: 22134 











TECHNICAL BOOKS 


Research Reports 
for the Engineer 


Each establishment of the Department of Scien- 
tific and Industrial Research issues an annual 
illustrated report. The following are of particular 
interest to engineers, enabling them to inform 
themselves quickly and cheaply of modern 
developments and trends : 


Building Research 1957 5s. éd. 

Fire Research 1957 5s. 

Hydraulics Research 1957 Ss. éd. ( 

Mechanical Engineering 
Research 1957 

Radio Research 1957 

Road Research 1957 


fl i 8 fe) 


from the Government Bookshops 
or through any bookseller 


(post Sd.) 
(post Sd.) 
(post 5d.) 
4s. €d. (post Sd.) 
) 
) 


3s. Ed. (post 4d. 
5s. Ed. (post éd. 





WANTED 
The Engineers’ Digest urgently require copies of June 1958 


issue. 4/6 will be paid for each copy if returned to 120 
Wigmore Street, London, W.1 








FOR ALL 
INDUSTRIAL 
PURPOSES 





PHONE: 8027-8 





From One Feed to Twenty 
Fitted on Main and Auxiliary Engines of over 2000 ships 


used by all leading British and many Continental Engine Builders 


& W. KIRKHAM L'°. BOLTON 


GRAMS: BRASS 
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LATEST INDUSTRIAL LITERATURE 





1. Industrial Hose Assemblies and Components. A 118- 
page illustrated catalogue presents a wide range of flexible 
hose and fittings suitable for most industrial applications 
in hydraulic and pneumatic systems, for piping oil, fuel, 

water, and chemicals. To facilitate rapid construction of 
assemblies in workshops, or repairs on the spot, all the 
hose components described are detachable and inter- 
changeable. Essential information for the planning of 
hose-line installations is also included. 


2. Hydraulic Cylinders and Control Valves. A range of 
hydraulic cylinders and control valves is fully described in 
an illustrated 16-pege brochure, and includes standard 
cylinders, foot-mounted cylinders, base-mounted cy- 
linders, flange-mounted cylinders, trunnion-mounted 
cylinders, and special cylinders, hand-operated, solenoid- 
operated, speed-regulating, and non-return valves, and 
power-pack assemblies. The cylinders are designed for 
working pressures up to | tsi and are made from bright- 
drawn steel tube honed internally to a very fine finish and 
fitted with steel end-caps. Adjustable hydraulic cushion- 
ing can be fitted into one or both ends of the stroke. 

A distinctive feature of the control valves is a har- 
dened-steel sleeve, ground and honed internally to a 
mirror finish and shrunk into the body. The combination 
of the hardened and ground sleeve and spool ensures a 
long working life, eliminates the danger of chipping round 
the edges of the ports, and enables the valves to operate 
with a very short stroke. 


3. Transformation Characteristics of Direct-Hardening 
Nickel-Alloy Steels. A new edition of their atlas of iso- 
thermal-transformation diagrams of nickels has been 
published by a leading British manufacturer. In addition 
to isothermal diagrams and end-quench hardenability 
data, this excellently produced 92-page publication in- 
corporates supplementary information in the form of 
continuous-cooling transformation diagrams, covering 
the range of cooling rates involved in the oil-quenching 
of bars of 1 to 6 in. in diameter, and helping to resolve 
the difficulties of practical application arising from iso- 
thermal data alone. 


4. Industrial Electric Surface Heaters. Full descrip- 
tions are given in a well-produced and illustrated 44-page 
catalogue of a comprehensive range of electric surface 
heaters, basically similar in many ways to electric blan- 
kets. This method of heating, which was pioneered by 
the manufacturers, is widely applied in many industries, 
including the chemical and pharmaceutical industries, 
paint works, general engineering, and atomic power 
plants. 

These heaters are available in a wide range of types, 
sizes, and materials, suitable for use in an extremely large 
variety of applications, including mixing vessels, heaters, 
valves, pumps, and instruments. In addition, a range of 
flexible electric heating tapes is described, specially in- 
tended for such applications as fuel-oil lines, and pipes 
carrying chemicals, bitumen, and food products. 


5. Universal Clarifier for Coolants. A new universal 
clarifier described in an 8-page illustrated booklet is 
designed to remove automatically from coolants all types 
of swarf and grinding-wheel abrasive produced during 
grinding and similar operations. The clarifier is com- 
pletely automatic in operation, all that is required being 
occasional emptying of the sludge-box. 

The unit is so designed that contaminated coolant 
flows into a trough of special filtering material carried on 
an endless wire-mesh conveyor, which automatically 
draws along fresh filtering medium. Though this medium 
retains all dust and swarf on its surface, it is still suffi- 
ciently porous to permit free and uninterrupted flow of 
filtered coolant into the sump of the clarifier, whence it 
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is returned by a pump to the grinding head. When the 
filter becomes saturated with contaminants, a micro- 
switch automatically causes a motor to move the con- 
veyor forward, causing a clean filtering trough to be 
formed almost immediately and automatically depositing 
the loaded filtering medium into the sludge-box. 


6. Gas Circulators for Radioactive Circuits. Details are 
given in an illustrated 4-page brochure of a gas circulator 
for radioactive circuits, the main feature of which is the 
integral arrangement of the induction-motor squirrel- 
cage and the centrifugal impeller on a single robust shaft 
mounted in self-acting gas bearings. This rotating 
assembly is housed inside a cylindrical, welded mild-stee! 
casing, hermetically sealed by welding the end-cover 
when making the final closure. The circulator has numer- 
ous applications in circuits for which hermetic sealing and 
long maintenance-free life are specified at operating pres- 
sures up to 350 psi and temperatures up to 350 

7. High-Grade Tool Steels for Cold Work. Issued by a 
British firm of specialists in the manufacture of tool steels, 
a 36-page booklet gives details of a wide range of tool 
steels for cold work, including drawn and ground tool 
steels. These steels are supplied in the annealed condi 
tion, ready for machining, and are available in a variety 
of forms, including black bars in round, square, or rect- 
angular sections ; sawn blanks and forgings ; centreless 
ground bars ; and cold-drawn wire 


8. Metal-Forming Machines. A 12-page booklet, pub- 
lished by one of the oldest manufacturers in England of 
hydraulic equipment, illustrates and describes actual 
installations of their metal-forming machines for every 
application in the working and forming of steel plate 
The range of equipment covered includes horizontal 
bending presses, bending and straightening machines, 
flanging and forming presses, dishing and flanging presses, 
general-purpose presses, heavy-duty hydraulic press 
brakes, plate-curving presses, and complete-circle plate- 
bending rolls. 


9. Laboratory Mills and Equipment. Produced by a lead 
ing German manufacturer, a range of laboratory mills, 
slicing machines, and emulsifiers is described in an illus 
trated 2-page pamphlet. The mills comprise models for 
extremely fine pulverizing of small quantities of soft to 
medium-hard substances, toothed-disc models for grind 
ing tough, fibrous, or clastic materials, hammer milis for 
disintegrating granular, lumpy, or even bulky substances, 
two-roll mills for crushing or squeezing substances with 
a more or less high content of oil, fat, or water, and hop- 
per mills for preparing pastes, as well as for grinding dry 
substances with liquids to fine homogeneous mixtures 

The slicing machine described is a new model, speci 
ally designed for processing such materials as wax, soap, 
stearin, and paraffin to chips and flakes. The emulsifiers 
are of entirely new design and serve for emulsifying and 
homogenizing liquid or viscous mixtures. A stirrer for 
preliminary mixing projects into the feeder funnel, which 
has a capacity of about } gal, and the equipment operates 
at a’speed of 12,000 rpm 


MAIL THIS COUPON 


THE ENGINEERS’ DIGEST, 
120 Wigmore Street, London, W.1 





TO-DAY 





Date 


Please send free and without obligation the literature indicated by 
the following circled numbers 
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... and minimise loss of 
production caused by breakdown and costly dismantling of machinery 
for replacement belts. 


BRAMMER TWIN-BELT can be fitted without dismantling and will 
give longer life! Greater flexibility, resistance to compression, wear, 
skidding, heat and oil, make BRAMMER the most versatile variable 
speed belt. Any length of belt can be made from stock coil. 

* Cheapest in the long run’ is the hard won fact with 


BRAMMER 


High Compressive Strength 
combined with flexibility 


H. BRAMMER & CO. LTD. 
HUDSON ROAD, LEEDS 9 
















Flexello 


CONSTANT QUALITY 


CASTORS 


Choose your castors from the largest 
range in Europe. Flexello will meet your 
special requirements individually, while 
our fabricating division designs and 
manufactures “special” castors for extra 
heavy and difficult applications. 


illustrated are a small part of our vast range. 


ae 
s* 4 


i Write for illustrate ») E.D. € 
FLEXELLO CASTORS & WHEELS LTD., SLOUGH, BUCKS. Tei: SLOUGH 2412! . 
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Direct reading to 0.00005 in. 
on projection screen 





FIELD OF VIEW 


actual size 


Horizontal Measuring Machine are 
read in large clear figur2s from a 3} in. 
wide screen. Reading is simplified, 
setting more accurate, eyestrain elimin- 
ated. Ideal for use in Testing and 
Standards Rooms and for routine 
measuring of all types of internal and 
external work. Any number of measure- 


| 
| 
All measurements with the Microptic : 
L 


ments over a four inch range can be 
made with one standard setting. Capac- 
ities: Internal % to 10 ins., External 0 
to 134 ins. Metric reading model avail- 
able. Length 35 ins.; height 22 ins.; 
width 14 ins. 





Write for list ED/10s 
HILGER & WATTS LTD. 98 ST. PANCRAS WAY, LONDON, N.W.1. Tel: GULliver 5636 


Makers of precision optical instruments for analysis, measurement and inspection. Member of the Export Marketing Company BESTE 


~ . 





The answer to all Production Control worries 


within reach at last! 


If you have Production Control worries why 
not call in an Orlid Systems Technical 
Adviser. He will explain Orlid line selection 
the greatest advance in modern Produc 
tion Control. It offers such flexibility of 
operation that any type of business can use 
it to imecrease productivity and climinate 
costly mistakes and delays 
The ORLID AVIE fitted wih NUMBER 
BOXES for printing the variable inform 


auion 18 Saving users up to seven typists’ 


time 


LINE SELECTING 
MACHINES 





OFFICE EQUIPMENT DISTRIBUTORS (B.TL.) LTD. 
(A subsidiary of British Typewriters Ltd.) 
Head Office: Empire Works, Birmingham Road, West Bromwich. Tel. West Bromwich 233) 
London Office and Showrooms: Empire House, 34-35 High Holborn, W.C.1. Tel. Holborn 0936 
Branches—Agents—Service in ALL Principal Centres 
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VULGASCOT LEVEL-MOUNTS 


incorporating 
Vulcascot Anti-Vibration Rubber Pads 



















@ Reduce vibration 
and wear. 


@ Simplify Machine 
Installations. 


@ Precision Levelling 
without shims. 


@ No drilling of floors. 


@ Less noise, less ner- 
vous strain. 


Write or phone for literature 
to the manufacturers: 


VULCASCOT (GT. BRITAIN) LIMITED 


87-89 ABBEY ROAD, LONDON, N.W.8 
Telephone MAIDA VALE 7374/5 





7 machine-tool 


idleness! 


ENGINEERED REB VILDING 


For economic reasons and the 
present-day cost of new machine 
tools the rebuilding of them is a 
must. Our method of rebuilding 
with the unconditional guarantee 


to meet the original manufacturer's 


specification, equals a new machine 
at 50 per cent. of its cost. 

In many cases we can help to 
bring the old design to the 
modern standards required today. 
We convert standard equipment 
to specials besides building special 
application machines. 


J. BROCKHOUSE & COLTD 
Elms Works, Penn Road, 
Wolverhampton 

Phone: Wolverhampton 23801 











+ 
.s 


co 
4 4 


rt 
{ 








CONVEYOR AND 
POWER BELTING 










THE ENGINEERS’ 





Please send for Broadsheet 


No. BAS6 which gives 
drive design data and full 
details of the increased 
H.P. ratings of Turner’s 
Rayon Cord ‘V’ Belts. 


TURNER BROTHERS ASBESTOS CO. LTD. ROCHDALE ENGLAND 


A MEMBER OF THE TURNER & NEWALL ORGANISATION 


dmTA4l 
DIGEST 
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There ore olso Bronx Press Brokes, 
Guillotine Sheors, Sheet & Piote 





Catalogues 





BIRWELCO LTD. 








3-ROLL PYRAMID 3-ROLL INITIAL 4-ROLL COMBINED PLATE 
MACHINE PINCH MACHINE BENDING —— 


% | oO | 








4-ROLL TIAL of BIRMINGHAM 

(+) by whose kind permission we 
reproduce photograph on left, 
, (*) ‘ decided a BRONX INITIAL 


: PINCH MACHINE was the 


















BRONX ENGINEERING CO. LTD., 





LYE, WoORCS. Telephone LYE 2307 & 2308 


most suitable type of Rolls 

















for their production require- 


ments. 


The operator has just rolied 
a 10 ft. L in. plate to an in- 
side diameter of 18 in. The 
machine has pre-bent both 
long edges and the amoun 
of flat is hardly visible. The 
Top roll is 16 in. diameter 


We would welcome the 
opportunity to discuss your 
rolling problems. 
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LONDON OFFICE 1$1-156 PALACE CHAMBERS WESTMINSTER sw oe 


NORTH EASTERN OFFICE CRANBOURNE 55 YARM 
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FURNACES 


for Forging, Ingot Heating, 
Plate Normalising and 
Annealing 


LICENSEES AND BUILDERS OF 


@ “OFU" SOAKING PITS AND 
CONTINUOUS SLAB REHEATING 
FURNACES 


@ THERMO PATENT CONTINUOUS 
FURNACES 


@ LOFTUS OPEN HEARTH FURNACES 


WILPUTTE COKE OVENS 


EAGLESCLIFFE wR ST KTON m-TELS 


















Buse. 
inet an 
ME nA ws & 


KOLOK 


POSITIVE LOCK WASHER 


You'll have no more 

worries about nuts and 
bolts working loose if you 

4 fit KOLOK positive lock 


washers. Available in 
all sizes. 


POSITIVE LOCK WASHER CO. LTD. 
45 RENFREW STREET, GLASGOW, C.2. 


Telephone: DOUglas 9292 





NITRIDE 


STEEL 


The Nitriding Process for 
Case-hardening Special Steels 
Nitrogen Offers 


Surface hardness up to 
1100 D.P.H. 


Retention of full hardness 
after heating to 500°C. 


Maximum resistance to 
frictional wear and 
fatigue. 


@ @@ @Kx< 


Improved resistance to 

corrosion by water and 

steam. 

Particulars from:- 

NITRALLOY LIMITED ATLAS WORKS 
SHEFFIELD, 4. 


Telephone: Sheffield 26646. Telegrams: ‘‘Nitralloy, Sheffield” 





TO INDICATE CONTROL OR RECORD 
XE E Le PERA ' URE 


ah Li 


For accuracy, ease of reading, robustness, economy and long, trouble free 
life install Rototherm Thermometers, Controllers and Recorders. Specialists 
in bi-metallic applications. Write for details. 


ototherm 


BI-META MERCURY-IN-STEEL VAPOUR PRESSURE 
THE. BRITISH ROTOTHERM co. 73. 

Merton Abbey, London, S.W.19 LiBerty 766! 
Midland Factory: Hollis Street, New Basford ltetingham 77874 
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“‘Thermindex’’ Paints are temperature sensitive compounds 
which indicate by a sharp, clear cut change of colour when the tem- 
perature of a surface has attained or exceeded a predetermined | 
value, so that information on the temperature of an entire surface I 
is given at a glance. i| 


Write Dept. KL/8 for full technical details. | 


“JHERMINDEX 


TEMPERATURE INDICATING PAINTS 




















SOLE DISTRIBUTORS FOR EUROPE AND THE U.K. 


M. STEEL & CO. LTD. 
36-38 KINGSWAY, LONDON, W.C.2 


Tel. : HOLborn 2532/5 
Branch Offices 
51 SOUTH KING ST., 45 NEWHALL ST., 
MANCHESTER 2 BIRMINGHAM 3 
Tel. : Deansgate 6077/9 Tel. : Central 6342/3 
Manufoctured by Synthetic & Industrial Finishes Led. 
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3 all the best 
cat-walks 


ah Owen-tread Open Steel Grillage 
Ge has unlimited applications as 
general industrial floorings and 
in all installations involving 
upper floors and catwalks where 
maximum penetration of light 
and air is essential. 

Weight is reduced to a minimum 
whilst preserving the utmost 
strength and resilience. 

Available in standard panels 
36 in. wide, with variable spans 
from 18 to 96 in., also in thick- 
o% nesses from } in. to 2} in. 


Rubery Owen Service also in- 
cludes auxiliary steelwork, com- 
bee oF, () plete stairways and handrailing to 
4 suit the installation. 
An advisory service is available at 
A, all times without obligation. 


Power Stations 
Balcony Floors 
Oil Refineries 
Boiler Plants 
Stores Installations 
Gantries and Walk- 
ways 
ate, Roof Gulleys 
Np Glazing Walks 

etc. etc. 


are made from 











\ OWEN-&read] / 


open type steel flooring 
ON 


& 
RUBERY OWEN & CO. LTD., Industria! Storage Equipment Division 
Whitegate Factory, Wrexham, N. Wales Tel.: Wrexham 3566-8 


Branch Offices - London . Birmingham . Coventry . Manchester . Bristol 
Newcastle . Glasgow 





Member of the Owen Organisation 
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This modern 


machine-age world 
centres on the small 
but vital 

key and taper pin 





TRADE MAGE 


FREMO 


THE WORLD'S BEST 
FREDERICK MOUNTFORD (B’HAM) LTD. 


FREMO WORKS * MOSELEY STREET * SIRMINGHAM § 
Telephone: MiDiand 7964 PBX Telegrams FREMO. BIRMINGHAM 


ABD 





GRIPOLASTIC 


ENDLESS BELTS 





for Power 
Transmission 






give unequalled 
performance ON ALL DRIVES 


Sole Manufacturers: 


LEWIS & TYLOR LTD 


Power Transmission Engineers 


GRIPOLY MILLS - GARDIFF 


Tel: Cardiff 26301 
and 
Terminal House, Grosvenor Gardens, LONDON, S.W.1 
Tel: Sloane 7883 








-or BLACK on 
STEEL products 











quickest, blackest 


The best and cheapest chemical 
black finish for steel products. 
Cheaper than enamelling or 
plating and cannot chip. This is 
the simple five-minute cycle 
** BLAKODIZE "’ treatment. 


WE PROCESS FOR YOU 

We maintain express collection 

and delivery service for small 

occasional or regular batches of 

work. 

INSTALL YOUR OWN 
PLANT 


Many firms find it pays to install 
their own ‘‘ BLAKODIZE”’ 
Plant. 


PROPRIETOR 


Colliery Road, 


oe etl Road ie, 


EEE EE SEE ES 





Protect against 
RUST with 

“WATER WHITE” 

Plastic LACQUER 


—the only de-watering 
lacquer available 


Provide the perfect ‘‘ band-box "’ 
finish that your customers will 
appreciate. Gives protection 
against rust. Products can be 
dipped wet, straight out of 
treatment tanks. 


DE-WATERING TANK 
De-watering Tanks can be in- 
stalled beside your machines for 
quick treatment and sure pro- 
tection against rust. No heat 
required. 


SEND NOW for latest lists 
covering Plastic °roducts, Indus- 
trial Clothing, Footwear, Gloves, 
Gauntlets, etc. 


1001 TREATHENTS Chena Is) lig 


wen 


1618 & 1653 








HERBERT WIDDOWSON & SONS LIMITED 


CANAL STREET WORKS - 


A390 


NOTTINGHAM - 


ENGLAND 


THE ENGINEERS’ 


TELEPHONE 4206! 
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rabricaced om DOUBLE BOND 


M.O.S.Spec. OTD 900 4572 


“DOUBLE BOND’ is a _ chemically-setting 
metallic plastic available either as a Putty or a 
Cream. It has a wide range of production and 
trade applications. * DOUBLE BOND’ can be 
used both for making objects in its own right and 
for sealing, joining, filling seams, channels, rivet 
and bolt dimples, etc. 

The illustration shows an assembly and drilling 
fixture made from *DOUBLE BOND (Putty 
Grade) by Handley Page (Reading) Ltd. It is used 
in aircraft assembly where extreme stability and 
accuracy are called for and demonstrates the 
excellent forming characteristics and inherent 
strength of the product. 

This example, measuring 3 ft in diameter, is the first 
and smallest of a series—others, 72 in. diameter 
have now been constructed with Double Bond 

Sole Manufacturers : 


THE KENILWORTH MANUFACTURING Co. Ltd 


West Drayton, Middlesex Tel. West Drayton 373) POX 





Photograph reproduced by courtesy of Handley Page (Reading) Lid 








we 


If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 
be fabricated by welding, soldering or 





brazing. 
Illustrated here are some examples of 
our products, and similar components Cale acuesas! 


can be produced to your own specifica- 
tion and design, and supplied in painted, 


plated or enamelled finishes. D A R L A § T 0 N P § T A F F § 
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ALLOY STEELS 


—too!! 





For many years it has been known that | 
‘-40/50°%, Carbon Steel Gears will give 
an appreciably longer life when Flame 
Hardened—in fact four to five times 
the normal. 

Fewer people are aware that Alloy | 
Steels—Nickel Chromium—En 23, En 24, 

En 110, etc., can be similarly treated .... 
and pass the most stringent tests. 








| Write us or ’phone for full information. 


FLAME HARDENERS LTD. 


Shorter Works, Bailey Lane, 
Sheffield, | 
Tel.: 21627 















































QO 
V- GRO PULLEYS 


WE MANUFACTURE 
V-GROOVED 
PULLEYS 
OF ALL TYPES 
* 

SOLID OR SPLIT 
PULLEYS IN 

28° or 40 
GROOVE ANGLES 


e 
SPECIAL PULLEYS 
OF ALL KINDS 
MADE AS REQUIRED 





SEND for DETAILS 
PRICES and 
TECHNICAL DATA 


POWER TRANSMISSION ENCINEERS — 


HEAD OFFICE AND WORKS: WARRINGTON 


hone 
rrington Belt 
JRE (2 Hines) Warringt 


LONDON OFFICE: BUCKINGHAM HOUSE, 19/2! PALACE ST.,S.W.I 
TEL: TATE GALLERY Q6il. 





T.W.24 
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Famous in Four Reigns 


— sTiLe 


& 


, the finest 
Clip in 
the world 


. ROBINSON & CO, (GILLINGHAM) LTD . 
LONDON CHAMBERS, GILLINGHAM, KENT 
TELEPHONE $282 


ee. (bie 
Gaol 





¥ 
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~PAREX) 
(i > 


” TUNGSTEN CARBIDE INSERTED 


They are Tough and Hard and re aw H.S 
Steel or ‘Live ’’ Centres. “ ** means 




















accuracy with economy. They are aeaitel in all 
standard tapers, or special for light or heavy duty 
lathes and grinding machines. ‘‘ PAREX'"’ metal 
is not affected by ordinary abrasive grits. Send 
for price lists and literature to Scle Makers : 


® 
ERNEST TURNER « Go. SALFoRO) LTD 


“ Parex” Works, West Burton Street, Salford, 5. 
Tel. Tra. Park 1381. 
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N. HINGLEY & SONS ° RING SPRINGS 


(NETHERTON) LIMITED LIMITED 








RING SPRINGS for shock absorption and steady 


CHAINS Pa dissipation of shock consist of precision rolled rings 


within fine tolerances and close specifications 
IN HIGH TENSILE STEEL & WROUGHT IRON 


A RING SPRING ASSEMBLY 
| SLING CHAINS e 2 came 


NEW AND REPAIR SERVICE 


FORGINGS & DROP FORGINGS ° 


A SPECIALITY RINGS BOTH WELDED AND WELDLESS 



















IN CARBON & ALLOY STEELS . STAINLESS e concrruowes section 
*“NIMONIC"’ ALLOYS . TITANIUM . LIGHT ALLOYS, ETC. Ae 
Send us your enquiries. * 


COMPELS BION UW tafe 





NETHERTON IRONWORKS*:DUDLEY> WORCS. 














STAINLESS STEEL ABRASIVE RESISTING 
HEAT RESISTING HEAT & ABRASIVE RESISTING 


CYANIDING POTS 


HIGH SPEED TOOL, Dif 
CASE HARDENING BOXES & SPECIAL ALLOY STEELS 
CAST IRON, BRASS, GUN METAL also STAINLESS STEEL ROAD 
PHOSPHOR BRONZE, ALUMINIUM etc. LINES. STUDS & SIGNS 


HIGHLY ALLOYED STEEL 


CASTINGS 


‘JOFO’ castings are available in 
a wide range of qualities 





From a few ozs up to 10 cwts each 


M.O.S. approved inspection facilities installed 
Routine X-ray contro! 


Ay felinson . Keser Td 


Head Office: BROADFIELD ROAD 
SHEFFIELD 8 (Sheffield 52431) 
Foundry : Aizlewood Road, Sheffield 
Machine Shops : Broadfield Rood, Sheffield 

London Office : Central House. 
Upper Woburn Place, W.C.! 
(EUSron 4086) 

Glasgow Office : 93 Hope Street, C.2 
(Central 8342/5) 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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Rockfast 
Nitro- 
Cellulose 
Finishes 


for wood or metal 


Produced primarily for the furniture and allied trades, the ROCKFAST range 
of nitro-cellulose wood finishes combines high gloss with a hard finish 
which is indistinguishable from that obtained by more traditional and slower 
wood-polishing methods. They are ideally suitable for bedroom furniture, 
toys, paint brush handles, and many similar purposes. The range of ROCKFAST 
nitro-cellulose metal finishes is the supreme answer when quick-drying time 
coupled with high gloss is required. They can be applied either directly 
on to degreased metal or immediately following pre-treatment, and are being 
extensively used in many industries. Both wood and metal finishes are supplied 
in dipping and spraying qualities and for Hot Process application. 
The ranges are fully described in the Catalogue of Industrial Finishes 
and the full colour range is given on the new Industrial Shade Card, 

BY APPOINTMENT 


To wer masesty THe Queen Which is obtainable free on request. 
MANUFACTURERS OF PAINT 


THE WALPAMUR COMPANY LIMITED 
DARWEN AND LONDON 


Paints, enamels, varnishes and finishes for every industrial need 
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-National Publicity Co. Ltd 
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PERFECTION 
in action 


| 


Singleness of purpose and 
years of experience lie behind 
any apparently effortless 
performance. 

And so it is with springs. 

It's taken for granted that Salter 
Springs will keep on and on, 
doing their job with smooth 
precision — indefinitely. 

But it has taken nearly two 
centuries of skill and devotion 
to achieve so greata reputation 
for reliability that —ironically 
enough—the greatest compli- 
ment paid to Salter Springs is 
that you can forget them! 


FOR TOP PERFORMANCE — SPECIFY 


SALTER 


THE AL& = ACTION § SPRINGS 


GEO. SALTER & CO. LTD. WEST BROMWICH, ENGLAND. 


Established 1760 
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MOTOR WITH REDUCTION 
GEARS for powers up to 30 h.p. 
Ratios up to 200: 1. Suitable for 
horizontal or vertical flange 
mounting. 


MOTOR VARIATORS for powers 
up to I5 h.p. with a speed range of 


3:1 to 6:1. Possibility of rotation 
in both directions. Automatic brake 
optional. 


COMBINED UNITS between :— 
Motor-variator-reduction gear. Motor- 
variator-reduction gear and brake. 


Motor-fluid drive-brake and reduction **Redco’’ Motor with 


gear (for the control of cranes). Motor- Reduction Gear MC80, 
reduction gear and electromagnetic 8 and 12 h.p., pole- 
Please ask for bulletin friction clutch. Motor-brake-friction changing motor, 16 or 
58-8. clutch and reduction gear. 32 rpm output, with 


automatic brake. 


MOTORS WITH REDUCTION 
GEARS AND VARIOUS 
COMBINED UNITS 


DITTA ENRICO VIGNELLI, MILANO (ITALY) 
Via Montebello 27, tel. 650114 
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HERMETIC pypper CO.LTD. 


: 0983/4 
RYLAND STREET . BIRMINGHAM, 160 (sensi 5202'sizminghom 
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Down Won the farm... 


. they are cultivating Efficiency with modern machinery 
This embodies seamless steel tubing, tubular assemblies, 
and manipulations by REYNOLDS. Your industry, 
too, can reap benefits by the use of this versatile material 
Glean future information by writing to Reynolds today. 












REYNOLDS 








STee ti a. See ee 








1898-1958 Diamond Jubilee of Reynolds Tubing 








REYNOLDS TUBE CO LTD 


TYSELEY BIRMINGHAM 11 © 




























FORTOX FLEXIBLE 
COVERS protect 
machinery and exclude 
dirt. Made in neoprene 
nylon, proofed leather, 
or coated fabrics to suit 


tool charge 


promptly 
Write toda 


Henry Beakbane 


wWEAD OFFICE Ans TANNT AY 





all conditions. New 
type of construction gives expansion to 
contraction ratio of 10—| 
supplied to special requirements without 


FORTOX SEALS AND¥ PACKINGS are 
manufactured to high standards of accuracy 
ensuring positive sealing and trouble-free 
life. A range of polyester rubbers, silicone 4 
leathers and synthetics 
extreme conditions. Single items supplied 
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* SHOULDER - SPECIAL - FORM - MULTI-DIAMET 


work ground on 
B.S.A. centreless 
grinders has an 
excellent finish 
and a high degree 
of diametrical 
and cylindrical 
accuracy 





No. 4 machine equipped for automatic sizing-control and automatic infeed 
Vibratory type hopper Special bolts 7/16" x 2,11 mm x 73 mm)long 
are ground to a tolerance of 0.0005°(0.012 mm) Production : 700 bolts per 
hour. Sizing-control incorporates automatic grinding wheel head feed- 
compensation 


No. 4 MACHINE 
* 
Work diameter 1/16" to 3 * 
(1.58 to 76 mm) (With special equipment 
work down to 0.010” 
Grinding wheel Speed: 1270 rpm (0.254 mm) dia. can be 
Control wheel Speeds 4 accommodated) 
Width of wheels 4° (101 mm) or z 
5” (127 mm) 7 No. 8 machine equipped for bar grinding. 
Main motor 10 h.p , y Bar steadies for B.S.A. centreless grinders 
accommodate work from 1/16” to 3° (1.58 
so 76 mm) diameter, im various dengths up 
to 25 ft. rut on the No, 8 machine, 
> 4 or 1/16" to "| to 19.05 mm) diameter 
No. 8 MACHINE < ; up to 10 ft. mm) long on the No. 4 
Work diameter %" to 6%" 4 machine. 
(3.17 to 167 
mm) 
Grinding WheelSpeed 1180 rpm 
Control Wheel Speeds : 12 
Width of Wheels: 5° Fe mm)or 
” (203 mm) 
Main Motor : 20 or 40 h.p. 


eentreless grinders 


B.S.A. TOOLS LIMITED BIRMINGHAM 33 ENGLAND 


Agents in U.K., Burton Griffiths & Co. Ltd., Kitts Green, Birmingham 33. 
STECHPORD 3071 
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